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Summary
Background and objectives of ICP IM
Integrated monitoring of ecosystems means physical, chemical and biological 
measurements over time of different ecosystem compartments simultaneously at 
the same location. In practice, monitoring is divided into a number of compartmental 
subprogrammes which are linked by the use of the same parameters (cross-media 
flux approach) and/or same or close stations (cause-effect approach).
The International Cooperative Programme on Integrated Monitoring of Air 
Pollution Effects on Ecosystems (ICP IM, www.environment.fi/syke/im) is part of 
the Effects Monitoring Strategy under the Convention on Long-range Transboundary 
Air Pollution (LRTAP Convention). The main objectives of the ICP IM are:
• To monitor the biological, chemical and physical state of ecosystems 
(catchments/plots) over time in order to provide an explanation of changes 
in terms of causative environmental factors, including natural changes, air 
pollution and climate change, with the aim to provide a scientific basis for 
emission control.
• To develop and validate models for the simulation of ecosystem responses 
and use them (a) to estimate responses to actual or predicted changes 
in pollution stress, and (b) in concert with survey data to make regional 
assessments.
• To carry out biomonitoring to detect natural changes, in particular to assess 
effects of air pollutants and climate change.
The full implementation of the ICP IM will allow ecological effects of heavy metals, 
persistent organic substances and tropospheric ozone to be determined. A primary 
concern is the provision of scientific and statistically reliable data that can be used in 
modelling and decision making.
The ICP IM sites (mostly forested catchments) are located in undisturbed areas, 
such as natural parks or comparable areas. The ICP IM network presently covers forty-
three sites from fifteen countries. The international Programme Centre is located at 
the Finnish Environment Institute in Helsinki. The present status of the monitoring 
activities is described in detail in Section 1 of this report.
A manual detailing the protocols for monitoring each of the necessary physical, 
chemical and biological parameters is applied throughout the programme (Manual 
for Integrated Monitoring 1998).
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Assessment activities within the ICP IM
Assessment of data collected in the ICP IM framework is carried out at both national 
and international levels. Key recent tasks regarding international ICP IM data have 
been:
• Input-output and proton budgets
• Trend analysis of bulk and throughfall deposition and runoff water chemistry
• Assessment of biological data using multivariate gradient analysis
• Dynamic modelling and assessment of the effects of different emission 
/ deposition scenarios, including confounding effects of climate change 
processes
• Assessment of concentrations, pools and fluxes of heavy metals
• Empirical thresholds for N deposition (soil C/N ratios, input-output budgets)
• Compilation of available information on cause-effect relationships of forest 
ecosystems
• Calculation of critical loads for sulphur and nitrogen compounds, and 
assessment of critical load exceedance, as well as links between critical load 
exceedance and empirical impact indicators. 
Conclusions from international 
studies using ICP IM data
Input-output and proton budgets, C/N interactions
Ion mass budgets have proved to be useful for evaluating the importance of various 
biogeochemical processes that regulate the buffering properties in ecosystems. Long-
term monitoring of mass balances and ion ratios in catchments/plots can also serve as 
an early warning system to identify the ecological effects of different anthropogenically 
derived pollutants, and to verify the effects of emission reductions.
The first results of input-output and proton budget calculations were presented 
in the 4th Annual Synoptic Report (ICP IM Programme Centre 1995) and the updated 
results regarding the effects of N deposition were presented in Forsius et al. (1996). 
Data from selected ICP IM sites were also included in European studies for evaluating 
soil organic horizon C/N-ratio as an indicator of nitrate leaching (Dise et al. 1998, 
MacDonald et al. 2002). Soil water fluxes for budget calculations have been estimated 
using a water balance model and were presented in Starr 1999. More recent results 
regarding the calculation of fluxes and trends of S and N compounds were presented 
in a scientific paper prepared for the Acid Rain Conference, Japan, December 2000 
(Forsius et al. 2001). A scientific paper regarding calculations of proton budgets was 
published in 2005 (Forsius et al. 2005).
The budget calculations showed that there was a large difference between the sites 
regarding the relative importance of the various processes involved in the transfer 
of acidity. These differences reflected both the gradients in deposition inputs and 
the differences in site characteristics. The proton budget calculations showed a clear 
relationship between the net acidifying effect of nitrogen processes and the amount 
of N deposition. When the deposition increases also N processes become increasingly 
important as net sources of acidity.
A critical deposition threshold of about 8-10 kg N ha-1 a-1, indicated by several 
previous assessments, was confirmed by the input-output calculations with the ICP 
IM data (Forsius et al. 2001). The output flux of nitrogen was strongly correlated 
with key ecosystem variables like N deposition, N concentration in organic matter 
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and current year needles, and N flux in litterfall (Forsius et al. 1996). Soil organic 
horizon C/N-ratio seems to give a reasonable estimate of the annual export flux 
of N for European forested sites receiving throughfall deposition of N up to about 
30 kg N ha-1 a-1. When stratifying data based on C/N ratios less than or equal to 25 
and greater than 25, highly significant relationships were observed between N input 
and nitrate leached (Dise et al. 1998, MacDonald et al. 2002, Gundersen et al. 2006). 
Such statistical relationships from intensively studied sites can be efficiently used in 
conjugation with regional monitoring data (e.g. ICP Forests and ICP Waters data) in 
order to link process level data with regional-scale questions.
Sulphur budgets calculations indicated a net release of S from many ICP IM sites, 
indicating that the soils are releasing previously accumulated S. Similar results have 
been obtained in other recent European plot and catchment studies. 
The reduction in deposition of S and N compounds at the ICP IM sites, caused by 
the “Protocol to Abate Acidification, Eutrophication and Ground-level Ozone” of the 
LRTAP Convention (“Gothenburg protocol”), was estimated for the year 2010 using 
transfer matrices and official emissions. Implementation of the protocol will further 
decrease the deposition of S and N at the ICP IM sites in western and north western 
parts of Europe, but in more eastern parts the decrease will be smaller (Forsius et al. 
2001).
Results from the ICP IM sites were also summarised in an assessment report 
prepared by the Working Group on Effects of the LRTAP Convention (WGE) (Sliggers 
and Kakebeeke 2004, Working Group on Effects 2004).
ICP IM has contributed to an assessment report on reactive nitrogen (Nr) of the 
WGE. This report has been prepared for submission to the TF on Reactive Nitrogen 
and other bodies of the LRTAP Convention to show what relevant information 
has been collected by the ICP programmes under the aegis of the WGE to allow a 
better understanding of Nr effects in the ECE region. The report contributes relevant 
information for the revision of the Gothenburg Protocol, aiming to abate the emission 
of air pollutants contributing to acidification, eutrophication and ground-level ozone.
It should also be recognized that there are important links between N deposition 
and the sequestration of C in the ecosystems (and thus direct links to climate change 
processes). These questions were studied in the CNTER-project in which data from 
both the ICP IM  and EU/Intensive Monitoring sites were used (Gundersen et al. 
2006). A summary report of the CNTER-results on C/N -interactions and nitrogen 
effects in European forest ecosystems was prepared for the WGE meeting 2007 (ECE/
EB.AIR/WG.1/2007/10).
Trend analysis
Empirical evidence on the development of environmental effects is of central 
importance for the assessment of success of international emission reduction policy. 
First results from a trend analysis of monthly ICP IM data on bulk and throughfall 
deposition as well as runoff water chemistry were presented in Vuorenmaa (1997). 
ICP IM data on water chemistry were also used for a trend analysis carried out by the 
ICP Waters and results were presented in the Nine Year Report of that programme 
(Lükewille et al. 1997).
Calculations on the trends of N and S compounds, base cations and hydrogen 
ions were made for 22 ICP IM sites with available data across Europe (Forsius et 
al. 2001). The site-specific trends were calculated for deposition and runoff water 
fluxes using monthly data and non-parametric methods. Statistically significant 
downward trends of SO4, NO3 and NH4 bulk deposition (fluxes or concentrations) 
were observed at 50% of the ICP IM sites. Sites with higher N deposition and lower 
C/N-ratios clearly showed higher N output fluxes, and the results were consistent 
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with previous observations from European forested ecosystems. Decreasing SO4 and 
base cation trends in runoff waters were commonly observed at the ICP IM sites. At 
some sites in the Nordic countries decreasing NO3 and H
+ trends (increasing pH) were 
also observed. The results partly confirm the effective implementation of emission 
reduction policy in Europe. However, clear responses were not observed at all sites, 
showing that recovery at many sensitive sites can be slow and that the response at 
individual sites may vary greatly.
Data from ICP IM sites were also used in a study of the long-term changes and 
recovery at nine calibrated catchments in Norway, Sweden and Finland (Moldan 
et al. 2001, RECOVER: 2010 project). Runoff responses to the decreasing deposition 
trends were rapid and clear at the nine catchments. Trends at all catchments showed 
the same general picture as from small lakes in Scandinavia.
It was agreed at the ICP IM Task Force meeting in 2004 that a new trend analysis 
should be carried out. The preliminary results were presented in Kleemola (2005) 
and the updated results in the 15th Annual Report (Kleemola et al. 2006). Statistically 
significant decreases in SO4 concentrations were observed at a majority of sites in 
both deposition and runoff/soil water quality. Increases in ANC (acid neutralising 
capacity) were also commonly observed. For NO3 the situation was more complex, 
with fewer decreasing trends in deposition and even some increasing trends in 
runoff/soil water.
Results from several ICPs and EMEP were used in an assessment report on 
acidifying pollutants, arctic haze and acidification in the arctic region prepared for 
the Arctic Monitoring and Assessment Programme (AMAP, Forsius and Nyman 2006, 
www.amap.no). Sulphate concentrations in air generally showed decreasing trends 
since the 1990s. In contrast, levels of nitrate aerosol were increasing during the arctic 
haze season at two stations in the Canadian arctic and Alaska, indicating a decoupling 
between the trends in sulphur and nitrogen. Chemical monitoring data showed that 
lakes in the Euro-Arctic Barents region are showing regional scale recovery. Direct 
effects of sulphur dioxide emissions on trees, dwarf shrubs and epiphytic lichens 
were observed close to large smelter point sources.
Vuorenmaa et al. (2009) made the most recent trend evaluation using ICP IM data. 
These new results of the ICP IM sites confirmed the previously observed regional-
scale decreasing trends of S in deposition and runoff/soil water. Acid-sensitive ICP 
IM sites in northern Europe also indicated recovery from acidification. The situation 
regarding N was quite different with few decreasing trends in deposition and both 
decreasing and increasing trends in runoff/soil water. Critical load calculations for 
Europe also indicate exceedances of the N critical loads over large areas. It was 
concluded that the N problem thus clearly requires continued attention as a European 
air pollution issue.
Assessment of biological data using multivariate gradient analysis
The effect of pollutant deposition on natural vegetation, including both trees and 
understorey vegetation, is one of the central concerns in the impact assessment and 
prediction. The first assessment of vegetation monitoring data at ICP IM sites with 
regards to N and S deposition was carried out by Liu (1996). Vegetation monitoring 
was found useful in reflecting the effects of atmospheric deposition and soil water 
chemistry, especially regarding sulphur and nitrogen. The results suggested that 
plants respond to N deposition more directly than to S deposition with respect to 
vegetation indices.
De Zwart (1998) carried out an exploratory multivariate statistical gradient analysis 
of possible causes underlying the aspect of forest damage at ICP IM sites. These 
results suggested that coniferous defoliation, discolouration and lifespan of needles 
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in the diverse phenomena of forest damage are for respectively 18%, 42% and 55% 
explained by the combined action of ozone and acidifying sulphur and nitrogen 
compounds in air.
From the previous ordination exercises it was concluded that the applied statistical 
techniques are capable of revealing underlying structure and possible cause-effect 
relationships in complex ecological data, provided that analysed gradients have 
an adequate range to be interpolated. Since the data obtained were unexpectedly 
poor in the span of environmental gradients, the results of the presented statistical 
ordination only indicated correlative cause-effect relationships with a limited validity. 
The poor span of gradients could be attributed to the relative scarcity of biological 
effect data and the occurrence of missing observations both in the chemical and 
biological data sets. It was concluded, that the power of the vegetation monitoring 
in impact assessment would increase considerably with improvements in the ICP IM 
data reporting and inclusion of additional sites.
As a separate exercise, the epiphytic lichen flora of 25 European ICP IM monitoring 
sites, all situated in areas remote from local air pollution sources, was statistically 
related to measured levels of SO2 in air, NH4
+, NO3
– and SO4
2– in precipitation, annual 
bulk precipitation, and annual average temperature (van Herk et al. 2003, de Zwart 
et al. 2003). It was concluded that long distance transport of nitrogen air pollution is 
important in determining the occurrence of acidophytic lichen species, and constitutes 
a threat to natural populations that is strongly underestimated so far. 
Concepts for biodiversity monitoring and research have been developed in the 
ALTER-Net project (www.alter-net.info).
Work is currently in progress to collect available information on biodiversity 
changes and indicators at the ICP IM sites. A progress report is included in the 
present Annual Report.
Dynamic modelling and assessment of the effects 
of emission/deposition scenarios
In a policy-oriented framework, dynamic models are needed to explore the temporal 
aspect of ecosystem protection and recovery. The critical load concept, used for 
defining the environmental protection levels, does not reveal the time scales of 
recovery. Priority in the ICP IM work is given to site-specific modelling. The role of 
ICP IM is to provide detailed and consistent physical and chemical data and long 
time-series of observation for key sites against which model performance can be 
assessed and key uncertainties identified (see Jenkins et al. 2003). ICP IM participates 
also in the work of the Joint Expert Group on Dynamic Modelling (JEG) of the WGE.
Dynamic models have been developed and used for the emission/deposition and 
climate change scenario assessment at several selected ICP IM sites (e.g. Forsius et 
al. 1997, 1998a 1998b, Posch et al. 1997, Jenkins et al. 2003, Futter et al. 2008). These 
models are flexible and can be adjusted for the assessment of alternative scenarios 
of policy importance. The modelling studies have shown, that the recovery of soil 
and water quality of the ecosystems is determined by both the amount and the time 
of implementation of emission reductions. According to the models, the timing of 
emission reductions determines the state of recovery over a short time scale (up to 
30 years). The quicker the target level of reductions is achieved, the more rapidly 
the surface water and soil status recover. For the long-term response (> 30 years), 
the magnitude of emission reductions is more important than the timing of the 
reduction. The model simulations also indicate that N emission controls are very 
important to enable the maximum recovery in response to S emission reductions. 
Increased nitrogen leaching has the potential to not only offset the recovery predicted 
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in response to S emission reductions but further to promote substantial deterioration 
in pH status of freshwaters and other N pollution problems in some areas of Europe.
Work has also bee conducted to predict potential climate change impacts on air 
pollution related processes at the sites. The large EU-project EURO-LIMPACS (www.
eurolimpacs.ucl.ac.uk, 2004-2009) studied the global change impacts on freshwater 
ecosystems. The institutes involved in the project used  data collected at ICP IM and 
ICP Waters sites as key datasets for the modelling, time-series and experimental work 
of the project. A modelling assessment on the global change impacts on acidification 
recovery was carried out in the project (Wright et al. 2006). The results showed that 
climate/global change induced changes may clearly have a large impact on future 
acidification recovery patterns, and need to be addressed if reliable future predictions 
are wanted (decadal time scale). However, the relative significance of the different 
scenarios was to a large extent determined by site-specific characteristics. For example, 
changes in sea-salt deposition were only important at coastal sites and changes in 
decomposition of organic matter at sites which are already nitrogen saturated.
A summary on the use of dynamic modelling forecasts to derive target loads for 
sulphur and nitrogen in atmospheric deposition, including climate change impacts, 
was included in the 16th Annual Report (Hutchins 2007). 
In response to environmental concerns, the use of biomass energy has become 
an important mitigation strategy against climate change. A summary report on 
links between climate change and air pollution effects, based on results of the 
EUROLIMPACS project, was prepared for the WGE meeting 2008 (ECE/EB.AIR/
WG.1/2008/10, see (www.unece.org/env/lrtap/WorkingGroups/wge/27meeting.
htm). It was concluded that the increased use of forest harvest residues for biofuel 
production is predicted to have a significant negative influence on the base cation 
budgets causing re-acidification at the study catchments. Sustainable forestry 
management policies would need to consider the combined impact of air pollution 
and harvesting practices. 
Pools and fluxes of heavy metals
The work to assess concentrations, stores and fluxes of heavy metals at ICP IM sites is 
led by Sweden. Preliminary results on concentrations, fluxes and catchment retention 
were reported to the Working Group on Effects (document EB.AIR/WG.1/2001/10). 
Considerable retention of Cd, Cu, Ni, Pb and Zn (80-95 % of total input) was observed 
at some sites with available detailed information. The main findings on heavy metals 
budgets and critical loads at ICP IM sites were presented in the 15th and 16th Annual 
Report (Bringmark et al. 2006, Bringmark and Lundin 2007). In many national studies 
on ICP IM sites, detailed site-specific budget calculations of heavy metals (including 
mercury) have improved the scientific understanding of ecosystem processes, 
retention times and critical thresholds. ICP IM sites are also used for dynamic model 
development of these compounds. A progress report on budget and critical load 
calculations is included in the present Annual Report.
Compilation of available information on cause-
effect relationships of forest ecosystems
A report summarising available information from the ICP Forests and ICP IM 
programmes on cause-effect relationships of forest ecosystems was prepared by de 
Vries et al. 2002. The results were also officially reported to the Working Group on 
Effects in 2002 (EB.AIR/WG.1/2002/15).
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Calculation of critical loads and their exceedance, 
relationships to effect indicators
Holmberg et al. (2009) made new critical load calculations for ICP IM sites. On the basis 
of the critical loads of acidification of aquatic ecosystems calculated at 16 sites, only 
four sites (25%) could be considered protected from surface water acidification in 2010. 
Seven sites would be protected from surface water acidification in 2020, if S deposition 
decreases according to the MFR (maximum feasible reductions) scenario. The critical 
loads of acidification reported by the countries for the EMEP50 sites in which the IM 
sites are located include values for terrestrial ecosystems, and are therefore higher than 
those calculated by Holmberg et al. No permanent removal of nitrogen in biomass 
takes place at the IM sites and therefore the calculated mass balance critical loads of 
nutrient nitrogen were lower than those reported by the countries for all the ecosystems 
in the EMEP50 grid cell in which each site is located. Compared with the modelled 
value of nitrogen deposition for the year 2010 or 2020, no sites were protected from 
eutrophication (mass balance CL(N)). The empirical critical loads of nitrogen were 
higher than the mass balance nutrient nitrogen critical loads. Eleven sites of 26 in 
the analysis were protected from eutrophication (empirical CL(N)) and all sites will 
be protected in 2020 if nitrogen deposition decreases according to the MFR scenario. 
Vuorenmaa and Holmberg (2010) evaluated the links between critical load 
exceedances and empirical effect indicators at ICP IM sites. At the most acidified or 
acid sensitive sites (in terms of low ANC and high H+ concentrations and fluxes), 
the sulphur deposition exceeded critical loads to a higher degree than at other sites. 
Correspondingly, the change of exceedance of critical load for acidification increased 
with increasing sulphate and decreasing ANC values. The sites in which empirical 
critical load of nutrient nitrogen were exceeded, exhibited also higher leaching of 
nitrate in runoff. Correspondingly, the leaching of nitrate increased with increasing 
critical load exceedance of mass balance nutrient nitrogen. These observations give 
evidence on link between modelled critical thresholds and empirical results for 
acidification parameters and nutrient nitrogen. The collected empirical data of the ICP 
IM thus allowed testing/validation of the key concepts in the critical load calculations. 
This increases confidence in the regional scale critical loads mapping approach used 
in the integrated assessment modelling.
Planned activities
• Maintenance and development of a central ICP IM database at the Programme 
Centre.
• Continued assessment of the long-term effects of air pollutants to support the 
implementation of emission reduction protocols, including:
 – Assessment of trends.
 – Calculation of ecosystem budgets, empirical deposition thresholds and 
site-specific critical loads.
 – Dynamic modelling and scenario assessment.
 – Comparison of calculated critical load exceedances with observed 
ecosystem effects.
• Calculation of pools and fluxes of heavy metals at selected sites.
• Assessment of cause-effect relationships for biological data, particularly 
vegetation.
• Coordination of work and cooperation with other ICPs, particularly regarding 
dynamic modelling (all ICPs), cause-effect relationships in terrestrial systems 
(ICP Forests, ICP Vegetation), and surface waters (ICP Waters).
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• Participation in the development of the European LTER-network (Long Term 
Ecological Research network, www.lter-europe.net), and the related EU-
infrastructure project LifeWatch (www.lifewatch.eu).
• Cooperation with other external organisations and programmes, particularly 
Global Terrestrial Observing System (GTOS, www.fao.org/gtos) and 
International Long Term Ecological Research Network (ILTER, www.ilternet.
edu).
• Participation in projects with a global change perspective. 
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1 ICP IM activities, monitoring sites 
   and available data
1.1  
Review of the ICP IM activities in 2010-2011
Meetings
• The Chairman Lars Lundin represented the ICP IM programme at the 26th ICP 
Forests Task Force meeting in Garmisch-Partenkirchen, Germany, 30 May - 1 
June 2010.
• The Programme Manager Martin Forsius participated in the LTER Europe 
meeting in Lodz, Poland, 1 – 2 June 2010.
• Lars Lundin and Martin Forsius represented ICP IM in the Working Group on 
Effects (WGE) 29th meeting in Geneva, Switzerland, 22-24 September 2010.The 
Extended Bureau of the WGE had a preceding meeting on 21 September.
• ICP IM programme was represented by Martin Forsius, Sirpa Kleemola 
and Jussi Vuorenmaa at the ICP Waters 26th Task Force Meeting in Helsinki, 
Finland, 4-6 October 2010.
• Lars Lundin attended the EU COST Action FP0903, international conference 
and COST meeting on “Research, monitoring and modelling in the study of 
climate change and air pollution impacts on forest ecosystems”, in Rome, 
Italy, 5-7 October 2010.
• Lars Lundin participated in the EU LIFE project EnvEurope workshop on 
Data collection and management in Vienna, Austria, 20-21 October 2010.
• Martin Forsius participated in the eleventh meeting of Joint Expert Group on 
Dynamic Modelling (JEG) in Sitges, Spain, 27-29 October 2010.
• Martin Forsius took part in the LifeWatch Science and Policy Board meeting in 
Bari, Italy, 24-26 November 2010.
• Martin Forsius attended the LifeWatch meeting in Amsterdam, The 
Netherlands, 18-21 January 2011.
• Maria Holmberg represented ICP IM at the 27th Task Force Meeting of ICP 
Modelling and Mapping and the 20th CCE Workshop in Bilthoven, The 
Netherlands, 18-22 April 2011.
• The nineteenth meeting of the Programme Task Force on ICP Integrated 
Monitoring was organised in Rome, Italy, 5 May, 2011. A one-day workshop 
on the assessment of ICP IM data was held prior to the Task Force meeting on 
4 May.
Projects, data issues 
After December 1st 2010 the National Focal Points (NFPs) reported their 2009 results 
to the IM Programme Centre. The Programme Centre will carry out standard check 
up of the results and incorporate them into the IM database when the new input 
software is finalized.
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Scientific work in priority topics
• The Programme Centre prepared the ICP IM contribution on common items 
for WGE reported in September 2010.
• The Programme Centre prepared the ICP IM contribution to a joint WGE 
report on the effects of future deposition scenarios (ex-post analysis), 
prepared for the Working Group on Strategies and Review (WGSR).
• Calculation of pools and fluxes of heavy metals and relations to critical 
limits and risk assessment (work coordinated by the National Focal Point of 
Sweden). This work has focussed on the impacts of mercury deposition. A 
progress report is included in the present Annual Report.
• The work on the relationships between empirical chemical effect indicators 
and critical load exceedance, presented in the Annual Report 2010, has 
continued. A scientific paper is under preparation and main results are 
presented at the Acid Rain conference in June 2011 (Beijing, China).
• The information on available biodiversity data and indicators has been 
compiled and is presented in the present Annual Report 2011.
• ICP IM participates in a joint coordinated exercise on dynamic modelling 
together with other ICPs (Joint Expert Group on Dynamic Modelling, JEG 
DM). Priority in the ICP IM work is given to site-specific modelling activities 
and development/testing of new methodologies for assessing the connections 
between air pollution and climate change.
1.2  
Activities and tasks planned for 2011-2012
Activities/tasks related to the programme’s present objectives, 
carried out in close collaboration with other ICPs/ Task Forces 
According to the 2011 workplan of the Working Group on Effects, ICP IM will produce 
the following reports:
• Contribution to Joint Report of the ICPs for the WGE meeting 2011.
Interim report on biodiversity issues (included in the present report, T. Dirnböck 
& U. Grandin).
• Report on updated heavy metal budgets and critical loads (included in the 
present report, L. Bringmark)
• Report on benefits of LTER collaboration (included in the present report, M. 
Forsius & L. Lundin)
In addition, work on the  relationships between  empirical chemical effect indicators 
and critical load exceedance will be continued.
Other activities 
• Maintenance and development of central ICP IM database at the Programme 
Centre
• Arrangement of the 20th Task Force meeting (2012)
• Preparation of the 21st ICP IM Annual Report (2012)
• Preparation of the ICP IM contribution to assessment reports of the WGE
• Participation in meetings of the WGE, other ICPs and the JEG DM
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Activities/tasks aimed at further development of the programme
• Participation in the development of the European LTER-network (Long Term 
Ecological Research network, www.lter-europe.net), and the related EU-
infrastructure project LifeWatch (www.lifewatch.eu)
• Participation in the activities of other external organisations, particularly 
Global Terrestrial Observing System (GTOS) and the International Long Term 
Ecological Research Network (ILTER)
1.3  
Published reports and articles 2010-2011
Evaluations of international ICP IM data and related publications
Kleemola, S. and Forsius, M. (Eds.) 2010. 19th Annual Report 2010. Convention on Long-range 
Transboundary Air Pollution, ICP Integrated Monitoring. The Finnish Environment 15/2010. Finnish 
Environment Institute, Helsinki. 49 p. www.environment.fi/default.asp?contentid=365563&lan=en
Evaluations of national ICP IM data and 
publications of ICP IM representatives 
Åkerblom S., Bringmark L. and Nilsson M. 2010. Organic matter control of mercury and lead toxicity in 
mor layers. Ecotoxicology and Environmental Safety 73(5): 924-931.
Akselsson, C., Belyazid, S., Hellsten, S., Klarqvist, M., Pihl-Karlsson, G., Karlsson, P-E. and Lundin, 
L. 2010. Assessing the risk of N leaching from forest soils across a steep N deposition gradient in 
Sweden. Environmental Pollution 158(12): 3588-3595.
Arvola, L., Rask, M., Ruuhijärvi, J., Tulonen, T., Vuorenmaa, J., Ruoho-Airola, T. and Tulonen, J. 2010. 
Long-term patterns in pH and colour in small acidic boreal lakes of varying hydrological and 
landscape settings. Biogeochemistry 101 (1-3): 269-279.
Benčoková, A., Krám, P. and Hruška, J. 2010. Impact of climate change on flow patterns in Czech 
headwater catchments. Hydrology and Earth System Sciences Discussions 7(1): 1245-1278.
Benčoková, A., Krám, P. and Hruška, J. 2010 The impact of climate change on hydrological patterns in 
headwater catchments of Czech GEOMON network. In: Zuber, A., Kania, J. and Kmiecik, E. (Eds.) 
38th International Association of Hydrogeologists Congress Proceedings. Groundwater Quality 
Sustainability. University of Silesia, Krakow, 947-950. 
Benčoková, A., Krám, P., Hruška, J., and Stuchlík, E. 2010. Future and recent changes in flow patterns in 
the Czech headwater catchments. In: Holzmann H., Godina, R., Muller G. (Eds.) 13th Conference of 
Euromediterranean Network of Experimental and Representative Basins Proceedings. Hydrological 
responses of small basins to a changing environment. Austrian Federal Ministry of Agriculture, 
Forestry, Environment and Water Management. Vienna, 5-8.
Červenková, J. and Váňa, M. 2010. Trend Assessment of deposition, throughfall and runoff water 
chemistry at the  ICP-IM station Kosetice, Czech Republic. In: A. Hermann and Schumann, S: (Eds.) 
Status and Perspectives of Hydrology in Small Basins. IAHS Publ. 336 (2010). pp. 103-109.
Forsius, M., Posch, M., Aherne, J., Reinds, G. J., Christensen, J. and Hole, L. 2010. Assessing the Impacts 
of Long-Range Sulfur and Nitrogen Deposition on Arctic and Sub-Arctic Ecosystems. Ambio 39 (2): 
136-147.
Forsius, M., Saloranta, T., Arvola, L., Salo, S., Verta, M., Ala-Opas, P., Rask, M. and Vuorenmaa, J. 2010. 
Physical and chemical consequences of artificially deepened thermocline in a small humic lake - a 
paired whole-lake climate change experiment. Hydrology and Earth System Sciences 14: 2629-2642.
Futter, M.N, Keskitalo, E.C.H, Ellison, D., Pettersson M., Strom, A., Andersson, E., Nordin, J., Löfgren, 
S., Bishop, K. and Laudon, H. 2011. Forests, Forestry and the Water Framework Directive in Sweden: 
A Trans-Disciplinary Commentary. Forests 2:261-282.
Jost, G., Dirnböck, T., Grabner, M.-T. and Mirtl, M. 2011. Nitrogen leaching of two forest ecosystems in a 
Karst watershed. Water Air and Soil Pollution 218: 633-649.
Krám, P. 2010. Influence of lithology on streamwater chemistry. Geochimica et Cosmochimica Acta 
74(Suppl. 1): A537. (abstract)
Krám, P. and Hruška, J. 2010. Streamwater chemistry in three contrasting monolithologic watersheds. 
In: Birkle, P. and Torres-Alvarado, I.S. (Eds.) Water-Rock Interaction, Proceedings of the 13th 
International Conference. CRC Press/Balkema, Taylor & Francis Group, London, 257-260.
Lischeid, G., Krám, P., and Weyer, C. 2010. Tracing biogeochemical processes in small catchments using 
non-linear methods. In: Muller, F., Baessler, C., Schubert, H. and Klotz, S. (Eds.) Long-term ecological 
research – between theory and application. Springer, Berlin. 221-242.
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Löfgren, S. (Ed.). 2010. Integrad övervakning av miljötillståndet I svensk skogsmark – IM. årsrapport 
2008. Dept. Aquatic Sciences and Environment, SLU Report 2010:10, 38 pp + appendix. (In Swedish 
with English summary).
Löfgren, S. Gustafsson, J.P. and Bringmark, L. 2010. Decreasing DOC trends in soil solution along 
the hillslopes at the two IM sites in southern Sweden – Geochemical modelling of organic matter 
solubility during acidification recovery. Science of the Total Environment 409: 201-210.
Nickus, U., Bishop, K., Erlandsson, M., Evans, C. D., Forsius, M., Laudon, H., Livingstone, D. M., 
Monteith, D. and Thies, H. 2010. Direct Impacts of Climate Change on Freshwater Ecosystems. In: 
Kernan, M., Battarbee, R. W. and Moss, B. (eds.). Climate Change Impacts on Freshwater Ecosystems. 
Hoboken, NJ, Wiley-Blackwell. pp. 38-64.
Nijnik M., Nijnik A., Lundin L., Staszewski T. and Postolache C., 2010. Stakeholder attitudes to 
multifunctional forests in Europe. International journal Forest, Trees and Livelihoods, 19(4): 341-358.
Nyberg, K., Vuorenmaa, J., Tammi, J., Nummi, P., Väänänen, V.-M., Mannio, J. and Rask, M. 2010. Re-
establishment of perch in three lakes recovering from acidification: rapid growth associated with 
abundant food resources. Boreal Environment Research 15 (5): 480-490.
Paillet, Y., Bergès, L., Hjältén, J., Ódor, P., Avon, C., Bernhardt-Römermann, M., Bijlsma, R-J., DeBruyn, 
L., Fuhr, M., Grandin, U., Kanka, R., Lundin, L., Luque, S., Magura, T., Matesanz, S., Mészáros, I., 
Sebastià, M-T., Schmidt, W., Standovár, T., Tóthmérész, B., Uotila, A., Vallandares, F., Vellak, K. and 
Virtanen, R. 2010. Biodiversity differences between managed and unmanaged forests: Meta-analysis 
of species richness in Europe. Conservation Biology 24(1): 101-112.
Pröll, G., Dullinger, S., Dirnböck, T., Kaiser, C. and Richter, A. 2011. Effects of nitrogen on tree 
recruitment in a temperate montane forest as analysed by measured variables and Ellenberg 
indicator values. Preslia 83(1): 111–127.
Rask, M., Verta, M., Korhonen, M., Salo, S., Forsius, M., Arvola, L., Jones, R. I. and Kiljunen, M. 2010. 
Does lake thermocline depth affect methyl mercury concentrations in fish? Biogeochemistry 101 (1-
3): 311-322.
Römermann, M.B., Gray, A., Vanbergen, A.J., Bergès, L., Bohner, A., Brooker, R.W., De Bruyn, L., De 
Cinti, B., Dirnböck, T., Grandin, U., Hester, A.J., Kanka, R., Klotz, S., Loucougaray, G., Lundin, L., 
Matteucci, G., Mézáros, I., Oláh, V., Preda, E., Prévosto, B., Pykälä, J., Schmidt, W., Taylor, M.E., 
Vadineanu, A., Waldmann, T. and Stadler, J. 2011. Functional traits and local environment predict 
vegetation responses to disturbance: a pan-European multi-site experiment. Journal of Ecology 99(3): 
777-787.
Ukonmaanaho, L., Starr, M., Lindroos, A.-J. and Derome, J. 2010. Does decreased acidity have an effect 
on DOC concentrations in throughfall and soil water? In. Ukonmaanaho, L., Derome, K., Rautio, P. 
and Merilä, P. (eds.) John Derome - Ambassador for forest monitoring in Europe. Memorial seminar, 
November 30th 2010, Rovaniemi, Finland. Working Papers of the Finnish Forest Research Institute 
180: 43.
Wright, R. F., Aherne, J., Bishop, K., Dillon, P. J., Erlandsson, M., Evans, C. D., Forsius, M., Hardekopf, 
D. W., Helliwell, R. C., Hruska, J., Hutchins, M., Kaste, Ø., Kopacek, J., Kram, P., Laudon, H., 
Moldan, F., Rogora, M., Sjøeng, A. M. S. and de Wit, H. A. 2010. Interaction of Climate Change and 
Acid Deposition. In: Kernan, M., Battarbee, R. W. and Moss, B. (eds.). Climate Change Impacts on 
Freshwater Ecosystems. Hoboken, NJ, Wiley-Blackwell. pp. 152-179.
1.4  
Monitoring sites and data
The following fifteen countries have continued data submission to the ICP IM data 
base during the period 2006 - 2010: Austria, Belarus, Canada, Czech Republic, Estonia, 
Finland, Germany, Italy, Latvia, Lithuania, Norway, Russian Federation, Spain, 
Sweden, and United Kingdom. 
Presently the number of ICP IM sites with on-going data submission, data for at 
least part of the period 2005 – 2009, is forty-three, most of the sites are European. An 
overview of the data reported internationally to the ICP IM database is given in Table 
1.1. Additional earlier reported data are available from sites outside those presented 
in Table 1.1 and Figure 1.1. These sites have either been suspended or taken out of 
the IM network and used for regional monitoring. Location of the ICP IM monitoring 
sites with data from recent years are shown in Figure 1.1.
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Figure 1.1 Geographical location of ICP IM sites with data from recent years.
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1.5  
National Focal Points (NFPs) and 
contact persons for ICP IM sites
AT/ Austria
NFP: Maria-Theresia Grabner and
Thomas Dirnböck
Environment Agency Austria
Spittelauer Lände 5 
A-1090 Vienna 
AUSTRIA 
e-mail: 
maria-theresia.grabner@umweltbundesamt.at
thomas.dirnboeck@umweltbundesamt.at
BY/ Belarus, 
NFP: Anatoly Srybny
Berezinsky Biosphere Reserve 
P.O Domzheritzy
Lepel District 
Vitebskaya oblast, 211188,
BELARUS
e-mail: srybny@tut.by 
CA/ Canada
Contact for site CA01: Dean S. Jeffries
National Water Research Institute
Canada Centre for Inland Waters
867 Lakeshore Road
P.O.Box 5050
Burlington, Ontario L7R 4A6
CANADA
e-mail: dean.jeffries@ec.gc.ca
Rock Ouimet 
Direction de la recherche forestiere 
Forest Quebec
Ministère des Resources naturelles du Quebec
2700 rue Einstein 
Sainte-Foy 
Québec, G1P 3W8
CANADA
e-mail: rock.ouimet@mrnf.gouv.qc.ca
Silvina Carou
Atmospheric Science Assessment and Integration 
Science and Technology Branch - Environment 
Canada 
4905 Dufferin Street
Toronto, Ontario M3H 5T4
CANADA
e-mail: silvina.carou@ec.gc.ca
CZ/ Czech Republic 
NFP and contact for site CZ01: Milan Vána
Czech Hydrometeorological Institute 
Observatory Košetice 
CZ-394 22 Košetice 
CZECH REPUBLIC
e-mail: vanam@chmi.cz
Contact for site CZ02: Pavel Krám
Czech Geological Survey
Department of Geochemistry
Klarov 3
118 21 Prague 1
CZECH REPUBLIC
e-mail: pavel.kram@geology.cz
DE/ Germany
NFP: Helga Dieffenbach-Fries
Federal Environment Agency 
Paul-Ehrlich-Straße 29 
D-63225 Langen
GERMANY
e-mail: helga.fries@uba.de 
Contact for site DE01: Burkhard Beudert
Nationalparkverwaltung Bayerischer Wald
e-mail: bbeudert@npv-bw.de
 
Contact for site DE02: Hubert Schulte-Bisping
IBW - Universität Göttingen
e-mail: hschult1@gwdg.de
EE/ Estonia 
NFP: Reet Talkop
Department of Development
Ministry of the Environment
Narva mnt 7A-517
15172 Tallinn
ESTONIA
e-mail: reet.talkop@envir.ee
ES/ Spain
NFP: Jesús Miguel Santamaría
Laboratorio Integrado de Calidad Ambiental
LICA
Dpto. Química y Edafología
Universidad de Navarra
Irunlarrea nº 1, 31008 Pamplona
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SPAIN
e-mail: chusmi@unav.es
Contact for site ES02:
Raúl Bermejo Orduna
Laboratorio Integrado de Calidad Ambiental, 
LICA
Dpto de Química y Edafología
Universidad de Navarra
Irunlarrea nº 1, 31008 Pamplona
SPAIN
e-mail: rberord@unav.es
FI/ Finland
Contact persons:
Sirpa Kleemola and Jussi Vuorenmaa
Finnish Environment Institute 
P.O. Box 140
FI-00251 Helsinki
FINLAND
e-mail: sirpa.kleemola@ymparisto.fi
jussi.vuorenmaa@ymparisto.fi
GB/ United Kingdom
NFP: Chris Evans
Centre for Ecology and Hydrology (CEH) 
Environment Centre Wales
Deiniol Road
Bangor
LL61 6HJ
UNITED KINGDOM 
e-mail: cev@ceh.ac.uk
IT/ Italy 
NFP: Enrico Pompei
National Forest Service (Div. VI)
CONECOFOR
Via Carducci 5 
I-00187 Rome 
ITALY
e-mail:e.pompei@corpoforestale.it
Contact for Alpine sites IT01, IT02: 
Stefano Minerbi 
Ufficio Servizi Generali Forestari 
Via Brennero 6 
I-39100 Bolzano 
ITALY
e-mail: stefano.minerbi@provinz.bz.it
LT/ Lithuania
NFP: Algirdas Augustaitis 
Forest Monitoring Laboratory
Lithuanian University of Agriculture
Studentu 13
Kaunas distr. 
LT-53362
LITHUANIA 
e-mail: algirdas.augustaitis@lzuu.lt
LV/ Latvia
NFP: Iveta Dubakova
Latvian Environment, Geology and  
Meteorology Agency
Monitoring Department
165 Maskavas Str.
LV-1019 Riga
LATVIA 
e-mail: epoc@lvgma.gov.lv
NL/ The Netherlands
Contact person: Aart Sterkenburg 
National Institute for Public Health and 
the Environment, RIVM
P.O. Box 1
NL-3720 BA Bilthoven
THE NETHERLANDS
e-mail: aart.sterkenburg@rivm.nl
NO / Norway
NFP: Heleen de Wit
Norwegian Institute for Water Research, 
NIVA
Gaustadalléen 21  
NO- 0349 Oslo
NORWAY 
e-mail: heleen.de.wit@niva.no
RU/ Russia
NFP: Anna Koukhta
Institute of Global Climate and Ecology
Glebovskaya str. 20 B
107258 Moscow
RUSSIA
e-mail: anna_koukhta@mail.ru
SE/ Sweden
NFP: Lars Lundin 
Swedish University of Agricultural Sciences 
Department of Aquatic Sciences and 
Assessment
P.O. Box 7050
SE-75007 Uppsala
SWEDEN 
e-mail: lars.lundin@slu.se
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2 Interim report on biodiversity issues
Katrina Bergander1, Ulf Grandin1, Thomas Dirnböck2, Maria-Theresia Grabner2
1 Swedish University of Agricultural Sciences, Department of Aquatic Sciences and 
Assessment, Sweden, e-mail: ulf.grandin@slu.se
2 Environment Agency Austria, Department for Ecosystem Research and Monitoring, Austria, 
e-mail: thomas.dirnboeck@umweltbundesamt.at
2.1  
Introduction
The ICP IM programme is monitoring effects of atmospheric deposition on 
ecosystems. This UN based programme was initiated in 1989 under the Convention 
on Long-range Transboundary Air Pollution (CLRTAP) from 1979. The main aim is 
to collect biogeochemical data from small catchments that are representative for the 
major vegetation types in each participating country. The IM programme is divided 
into different subprogrammes focusing on different ecological compartments. The 
monitoring amounts to integrate data from the subprogrammes and to assess possible 
impacts of air pollutants on different parts of the ecosystem.
When the programme started in 1989, monitoring had already been at work 
within many national surveillance programmes. In these cases, the monitoring often 
continued within the framework of ICP IM. Other countries started their monitoring 
the years following 1989. Today, fifteen countries are part of the ICP IM network and 
data from almost everyone are available from the programme centre in Finland. 
The first part of the study is a review of published results from monitoring and 
analyses made within the ICP IM subprogrammes Trunk epiphytes (EP), Aerial green 
algae (AL), Understory vegetation and trees on intensive plots (VG) and Vegetation 
structure and species cover (VS), since the start of the ICP IM programme. The aims 
of this study are to review and summarise the current state of knowledge gained 
from the vegetation subprogrammes. The review is based on available white and 
grey articles and reports written in English.
The second part of the report presents the status of data collection and preliminary 
results of the analyses.
2.2  
Part one: Literature review 
2.2.1  
The ICP IM sites
An IM site must fulfil a number of geographical, vegetational and depositional 
requirements and shall be representative for the major ecosystems in the country. 
When the IM programme was initiated, each country searched for sites fulfilling 
these requirements. Among the characteristics is that an IM plot needs to be a small, 
relatively homogeneous, and well-defined catchment (10-1000 ha). It shall have little 
or no direct effects of anthropogenic activities in its surroundings. 
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Many site descriptions and inventory reports give the general characteristics of 
each IM area and the prerequisites for the analyses that will be made (see Airaksinen 
et al. 1989a, Airaksinen et al. 1989b, Tuominen 2001, Keränen & Kokko 1993, Lindholm 
et al. 1988, Bergström et al. 1995). In most cases the member states have found 
suitable areas to monitor, but some areas do not follow all the requirements of the 
IM programme. For example, some have several lakes or catchments (e.g. Hietajärvi 
in Finland, Bergström 1995), others are affected by anthropogenic activities such as 
tending felling, clear-cutting (Šeda 2001) wood-collection or pasture (Anonymous 
1993). 
Some areas have with time turned out to be less representative than what was 
anticipated. One example is the Swedish IM area Aneboda, situated in the south-
eastern part of Sweden which suffered from one of Sweden’s most devastating storms 
in several decades. The storm caused major disturbances in tree and understory 
vegetation and has disrupted the data series from this area. The Finnish ICP IM 
programme reports that its four IM sites were situated at high altitudes or in areas 
between vegetation zones. These sites are not reflecting the major types of boreal 
vegetation zones that Finland is covered by. Another problem is the presence of - 
for Finland - uncommon basic rocks in the geology at Vuoskojärvi and Pesosjärvi. 
However, the problem to fulfil all the requirements has to be weighed against other 
advantages that might stem from a certain area. In Finland for example, the areas 
with different basic rocks are considered more sensitive to air pollution than other 
areas and are therefore included in the Finnish IM programme (Bergström et al. 1995).
A prerequisite in the ICP IM programme was to find areas and sample plots that 
were relatively homogeneous. However, it has been emphasised that certain spatial 
heterogeneity between the sample plots is unavoidable within the IM programme 
(Grandin 2008). Grandin (2004) and Bråkenhielm & Qinghong (1995b) reduced the 
effects of heterogeneity by merging data from small subplots into larger theoretical 
subplots. This method reduced the heterogeneity without ignoring rare species. 
2.2.2  
Data collection and treatment
The methods used to obtain data vary slightly between the network’s member nations 
(Table 2.1). For understory vegetation, the basic principle is similar: an intensive plot 
is established which is subdivided into squares. In these squares sample plots are 
distributed randomly. However, changes and adaptations have been made in some 
countries. In Sweden, the units were divided one more time into 0.5 × 0.5 m quadrats. 
In Finland, studies have been organized both with 0.5 × 0.5 m quadrats as in Sweden 
(Kokko et al. 2002), and by placing 1 × 1 m squares according to systematic pattern 
within the intensive plots in the IM area (Airaksinen et al. 1989a). In these studies, 
vegetation cover was visually estimated. The Spanish ICP IM report did not describe 
the method of choice, but estimated cover and abundance of plant species. In the 
Italian IM programme in South Tyrol (Anonymous 1993), plants were classified into 
species and given a bioecological value according to the transect method, while cover 
estimates were not performed. The Finish methodology is described by Mäkelä (1997).
Some studies on sampling design have showed contradictory results. Bråkenhielm & 
Qinghong (1995a) compared visual estimates, point frequency and subplot frequency 
and found that visual estimates was the most accurate method when comparing field 
estimates with computer aided image analysis. 
The number of studies from the vegetation subprogrammes varies greatly between 
countries. Including Germany whose publication was not available at the time for 
this report, 7 out of 16 nations have published reports on vegetation studies. Of 
course, each network member has its own research focus and cannot be obliged to 
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analyse each subprogramme. Nevertheless, analyses from other members than those 
mentioned in this report would be a valuable addition to the programme.  In this 
way, the effects of air pollutants on understory vegetation – one of the pillars of the 
ICP IM programme – could be mapped more efficiently. 
2.2.3  
Studies on epiphytes
Lichen studies were performed using different methods and number of considered 
tree species (Table 2.1). The two northern areas in Finland (Vuoskojärvi and Pesosjärvi) 
used the tape method. The top measure tapes were placed high to avoid grazing 
effects from reindeer (Bergström et al. 1995). Finland has conducted lichen monitoring 
on Pinus sylvestris (Kokko et al. 2001) and Picea abies (Airaksinen et al. 1989). In the 
Finnish IM area Vuoskojärvi, special mountain birch plots were designed to monitor 
lichen occurrence on this species (Kokko et al. 2002). In Czech Republic five tree 
species were studied with respect to lichens. Sweden monitored lichens on both Pinus 
sylvestris and Picea abies using the point frequency method (Bråkenhielm & Qinghong 
1994, Qinghong & Bråkenhielm 1994). 
Table 2.1 Overview of the ICP IM methods for understorey and lichen monitoring used in some 
countries according to available publications. Number of tree species specify the number tree 
species monitored in each nation.
Country Understory vegetation Lichens / Number of tree species
Austria 0.5×0.5 randomly chosen / 10m×10m –
Czech Republic Transect method – / 5 species
Finland 0.5×0.5 m / 1×1 m randomly chosen 
quadrats
Tape method Mountain birch 
higher up / 2-3 species
Italy Classification and bio-ecological value Classification of species and 
bio-ecological value
Spain Cover and abundance –
Sweden 0.5×0.5 m randomly chosen quadrats Point frequency / 2 species
Within the ICP IM programme, effects of air pollution have been assessed by means 
of vascular plants, lichens, algae and bryophytes. A general result of the studies made 
on lichens and algae is that the two groups are affected by many factors apart from 
air pollution, something that has been a complication in many analyses. Studies in 
Finland and Sweden have shown that geography, climate and growing season may 
also affect lichen occurrence and abundance. Kokko et al. (2001) studied occurrence, 
abundance and vitality of lichen species and used air pollution indices (PSI) to 
assess links between air pollution and lichens. In these countries, it was only at 
the southernmost IM sites a link could be found between air pollution and lichen 
occurrence, viability and frequency. In the southern Swedish IM sites growing season 
and N & S deposition coincided which made it difficult to assess their individual 
contribution to lichen occurrence (Bråkenhielm & Qinghong 1995c). Otherwise 
temporal trends regarding air pollution were weak (Kokko et al. 2001), which was 
probably due to the low levels of N deposition at the more northerly sites (1 kg ha-
1 year-1). Bråkenhielm & Qinghong (1995) emphasize the need for more sensitive 
methods: more tree species and e.g. the Weighted Mean Sensitivity index. Lastly, 
environmental and anthropogenic factors’ individual contribution to lichen and algal 
variation needs to be quantifiable (Bråkenhielm & Qinghong 1995c). 
In another article, Qinghong & Bråkenhielm (1995) used partial redundancy 
analysis (RDA) to distinguish the individual contribution of climate, geographical 
position and air pollutants on lichen and algae distribution. They found that climate 
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was the most important factor in determining the presence of green algae, while air 
pollutants acted as an enhancer. Lichens on the other hand were most affected by 
geographic position and climate, whereas the effect of air pollution was very small. 
Qinghong & Bråkenhielm argue that algae might serve as a good indicator for air 
pollution in the Swedish IM areas. Lichens, on the other hand, show great variety 
depending on natural variation, and are not suitable as indicators in Sweden unless 
noise from natural variation is removed. 
Trends indicate that air quality is worse in Central and Eastern Europe. At the IM 
area Košetice in the Czech Republic, the deposition of S had decreased since the 1980s, 
but the period of heavy air pollution still affects lichen occurrence. Nitrophilous lichen 
communities were absent which indicated acid deposition. A lichen inventory from 
1979 was compared with one made in 2000 and found that although no indicator 
species had disappeared, their frequency, abundance and vitality had decreased over 
the period. Unfortunately, the long time span between the two lichen inventories made 
it impossible to determine whether the present state of lichens indicate a revitalisation 
of lichens or if the conditions are still deteriorating (Anděl 2001). In Austria, lichen 
diversity increased (Dirnböck & Mirtl 2009), whereas lichen coverage decreased. 
Dirnböck et al. (2007) compared lichen coverage at three years (1993, 1999 and 2005) 
and found a small decrease between the first and second measurement, and a large 
decrease between the second and third measurement. The disappearing species were 
sensitive both to acidification and eutrophication. 
At the Spanish IM site in Vertizarana Valley, samples of Hypnum cupressiforme were 
analysed with respect to heavy metal and N deposition. At this site, the depositional 
levels were low compared to other European countries and only Cd and Hg were 
considered transboundary. Herbaria bryophyte samples from different decades (1885 
and onwards) were compared. Fertility and Ellenberg values with respect to nitrogen, 
light, temperature and pH were analysed. All but pH showed significant trends: light 
had decreased, whereas nitrogen and temperature had increased over the last 200 
years (Anonymous 2009).
In Italy, the first lichen survey at the IM sites at Renon and Monticolo in South 
Tyrol was performed in 2006. In total 125 species were found which represent 10% of 
the lichen flora in the Trentino-Alto Adige region, and 20% of South Tyrol. 86 species 
were found at Renon and 57 at Monticolo. Some of the detected species are rare for 
the region (Nascimbene 2006). 
2.2.4  
Effects of transboundary pollutants on understory vegetation
The VG and VS subprogrammes have been used to study temporal changes in 
understory vegetation and to see whether the changes are correlated with N and S 
deposition. Compared to the epiphyte subprogrammes, the VG and VS subprogrammes 
have been more used in e.g. development of models and analysis of dispersal patterns. 
But similarly, the results do not show a univocal trend over Europe, and regional 
variations are common.
In a study on the relationships between different vertical layers in understory 
vegetation in Spain, patterns indicated that in unmanaged temperate forests, species 
are more easily spread and cause high variance and abundance (Anonymous 2009).
In Austria, Ellenberg indices showed correlation between abundance and N 
deposition. There was a significant change towards basiphilous species (Hülber et 
al. 2008). However, not all sites changed their species composition, and it was argued 
that the changes were determined by soil characteristics at the sites. For example, 
while eutrophic sites did not respond to N deposition, oligotrophic sites may slowly 
turn eutrophic and the forest flora becomes more homogeneous (Dirnböck et al. 2007). 
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Depending on length of time series and the number of species, the choice of 
statistical method to assess N and S induced changes differs. Austrian researchers 
emphasised that using species diversity indices, such as Shannon Weiner index and 
species number are only suitable if there are several species and longer time series 
(Dirnböck & Mirtl 2007). Yee & Dirnböck (2009) has used the Austrian IM vegetation 
data to develop two statistical models for analysing changes in species composition 
and species occurrence. They wanted to investigate whether the changes in species 
composition depended on extinction of species or changes in species abundance. 
Although the models still have limitations, the results indicated that a change in 
abundance was the most probable explanation.
N deposition may also have consequences for the regeneration of overstorey 
vegetation. High N deposition at the Austrian IM site correlated with the growth 
of herbs and grasses which was compared with tree growth. Two tree species and 
their regeneration were significantly affected: Fagus sylvatica and Acer pseudoplatanus. 
The grasses had a positive effect on F. sylvatica seedlings especially on steep slopes 
which lead the authors to assume this to be due to ameliorating conditions of beech 
rooting, while A. pseudoplatanus seedlings to a large extent were outcompeted by 
herbs. (Diwold et al. 2010) 
In northern Europe, no significant direct effects of N and S deposition on vegetation 
have been found. Between 1988 and 1998 there was no trend in dwarf shrub cover in 
Finland. At the same period, the cover of mosses decreased at some of the plots and 
increased at others. The observed differences were probably due to sampling errors, 
natural variation or site conditions rather than N and S deposition (Kokko et al. 
2002). Similar scenarios were observed in Sweden (Bråkenhielm & Qinghong 1995b, 
Qinghong & Bråkenhielm 1996). Bråkenhielm & Qinghong (1995b) used a Nitrogen 
Demand Index (NDI) as a way to assess N induced impacts on species diversity 
and found that it was stable in the north and central IM areas of Sweden, whereas 
richness changed in the south. The use of NDI as an index was found to be suitable, 
but many Nordic plants lacked N indicator value and the authors underlined the need 
to develop new indicator values for these species. One decade later, it was possible to 
see temporal trends in the vegetation at the Swedish IM site Aneboda, but according 
to Ellenberg indices this pattern was probably due to increasing light and decreasing 
soil moisture rather than deposition of N and S (Grandin 2004). 
2.2.5  
Understory vegetation in moderate and low deposition sites
Fertilization experiments have shown that increased N availability increases plant 
cover. However, according to IM publications on understory vegetation, vegetation 
is affected by several other factors. In the Nordic part of Europe, tot-N throughfall 
deposition is 1-10.5 kg ha-1 year-1. Köchy & Bråkenhielm (2007) compared changes in 
ground vegetation in low and moderate-deposited IM areas in southern Sweden to 
see the effects of different loads on the vegetation. Vascular plant cover decreased in 
low deposition sites and showed no trend in moderate deposition sites. The authors 
believe that this has more to do with vegetative succession and changing light 
conditions rather than N deposition. A growing forest stand increases shading which 
have negative effects on vascular plant cover while bryophytes are positively affected. 
The response also depends on type of forest: coniferous or deciduous, or bogs. The 
authors concluded that the deposition in these areas is not high enough to have a 
significant impact on the vegetation. In Austria tot-N throughfall deposition is 14-22 
kg ha-1 year-1 which is considered to be in the upper range of critical loads. Therefore, 
it was assumed that vegetation would be more affected in these areas. Surprisingly, 
there was not a clear trend regarding bryophytes, but there are indications that the 
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response depends on type of vegetation. Bryophytes remained stable except for two 
species: Hypnum cupressiforme and Leucodon sciuroides (Zechmeister 2007). On the 
other hand, vascular plant abundance increased slightly in correlation with nutrient 
availability (Dirnböck et al. 2009). There are several plausible explanations for the 
existence or lack of trends. First the effects of N and S deposition depend on the type of 
understory vegetation being studied. While bryophytes are not significantly affected 
(Zechmeister 2007), vascular plants are (Dirnböck et al. 2009). It has been argued that 
deposition is not high enough to affect most bryophytes (Zechmeister 2007), or that 
the depositional pattern is favourable for bryophytes in that most deposition falls 
when bryophytes are inactive (Dirnböck et al. 2009). In the Nordic countries, the 
findings indicate that vegetation type and succession may also be determining the 
present pattern (Köchy & Bråkenhielm 2007).
2.3  
Part two: data analyses
2.3.1 
Data collection
We refer to Dirnböck et al. (2010) for details on data availability and selection of ICP 
IM sites. In summary, only few sites hold long-term data which is useful for evaluation 
and secondly, only subprogrammes VG, VS and EP will be taken into account because 
these are the only subprogrammes which are applied in many ICP IM sites. Since only 
part of the existing data has been reported so far and because a new reporting format 
has been developed, re-reporting of data became necessary and is still ongoing. Table 
2.2 gives an overview of existing data and its availability in the new format.
2.3.2 
Data analyses
The preliminary results presented here are only to illustrate how the data will be 
assessed. This assessment covers single species changes of long-term VG and EP data 
and compares significant changes with nitrogen deposition and Critical Load (CL) 
exceedance. Genaralized linear mixed models with binomial error distribution were 
used. Median species cover per intensive plot is the response and observation year 
the independent variable (the fixed effect), which was nested with ICP IM site (the 
random effect). Nesting was done because we assume that the probability of species 
cover changes within an IM site is more common than changes between sites. The 
resulting coefficient of observation years within IM sites (random coefficient) reflects 
the time trend of species cover changes. A significance value of 0.05 was taken as a 
threshold for higher than random changes. Ellenberg indicator values of species were 
used to link airborne eutrophication with N to the found changes. This comparison 
also allows interpretation of potential other causes of change. It is assumed that 
biological communities (such as forest floor vegetation and epiphytic lichens on 
tree trunks) are affected where nitrogen deposition exceeds a critical threshold (CL 
exceedance as the amount of deposition beyond the critical load). Therefore, we 
compare the rate of species changes with site specific empirical CL exceedance taken 
from Holmberg et al. (2010).
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2.3.3  
Preliminary results
According to theory, chronic nitrogen deposition should increase N availability for 
organisms favoring those which are able to invest effectively into biomass. These 
species should show increasing cover. Others are increasingly outcompeted by these 
nitrophilous species and should show decreasing cover. Figure 2.1 compares the rate 
of species changes (random coefficients of the mixed models) with the respective 
Ellenberg indicator values for nutrients, light, soil pH value and moisture. A strong 
relationship between Ellenberg indicator values and the rate of change indicates 
environmental changes to be a cause of the changes. The negative relationship 
between rate of change and Ellenberg light value in Figure 2.1 indicates that shade 
tolerant species increased. The weak positive relationship with the Ellenberg nutrient 
value may indicate the effect of airborne nitrogen deposition.
We further compared site specific CL exceedance with the rates of change assuming 
positive or negative changes to be more pronounced the higher the deposition exceeds 
the critical load for nutrient nitrogen. This approach is illustrated by Figure 2.2. It 
shows the distribution of changes of cover values over time in ICP IM sites exposed 
to different N depositions and CL exceedances. 
Table 2.2 Existing VG (vegetation structure intensive plot), VS (vegetation structure catchment), and EP 
(trunk epiphytes) data and data availability in the new reporting format. Reporting still to be done is given 
in the forth column.
country* observation years Re-reporting done ToDo
Subprogramme VG
Austria 2004 - 2007 yes -
Estonia 1994 – 1997? no reporting of all data in new format
Finland 1988 – 2009 yes -
Germany 1990 – 2000 yes -
Italy 1999 – 2010 reported as VS, but is VG; 
partly (year 2009)
reporting of missing data 
(1999 – 2008 and 2010)
Latvia 1994 – 2008 no reporting of all data in new format
Lithuania 1993 – 1999 only old format reporting of all data in new format
Sweden 1982 - 2009 yes -
Subprogramme VS
Austria 1993 - 2010 yes -
Estonia ? no not clear if data exists
Germany 1991 - 2000 yes severe disturbance after 2000
Latvia 1995 - 2004 no reporting of all data in new format
Lithuania 1994 - 2004 only old format reporting of all data in new format
Sweden 1991 - 2009 yes -
Subprogramme EP
Austria 1993 - 2010 yes -
Estonia 1994 - 2004? yes? are data from other years available?
Finland 1988-1998 yes  -
Germany 1992 - 1995 yes -
Italy 1992 - ? no reporting of data after 1992
Latvia 1994 - 2006 yes -
Lithuania 1993 - 2007 yes -
Sweden 1992 - 2010 yes -
* only those countries are included which hold enough long-term data
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Figure 2.1 Relationship between significant time trends of forest floor species and Ellenberg indicator values N 
(nutrient availability), R (soil pH), L (light availability), F (moisture). Time trends were tested with a Generalized 
Mixed model with ICP IM site as a random grouping factor. Random coefficients of time trends within these 
groups are shown at the y-axis. Positive coefficients indicate increase of cover, negative coefficients indicate 
decrease of cover. Only those species, which show a significant overall trend (p<0.05), which occur in at least 
5 ICP IM intensive plots and for which Ellenberg values are available are included. Indifferent species are given 
Ellenberg values of 0. 
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2.4  
Conclusions
We first want to repeat that this review is based on published results from analyses of 
vegetation data from ICP IM. Our conclusions are thus restricted to the sites included 
in the reports and articles considered in the review, and not the entire ICP IM network. 
The results suggest that N and S deposition follows a north-south gradient: air 
pollution increases the further south in Europe (Austria, Czech Republic and Italy). 
In these regions lichens are more affected than in the Nordic countries. In Finland 
and Sweden, weaker but significant changes were found in the southern IM sites – 
where deposition was the highest for the countries. On the other hand, Spanish data 
is not pointing at high pollutant load and leaves space for regional variation due to 
other factors than geographical location on a north-south gradient. Depending on 
the degree of pollution, algae or lichens differ in their suitability as indicators. At 
low deposition sites such as the Nordic countries, algae may be more suitable as 
indicator than lichens. 
The aim of the ICP IM programme is to detect changes in terrestrial ecosystems 
that are caused by atmospheric deposition. So far, the time series were often too 
short for detecting statistically significant changes or trends (e.g. Bråkenhielm & 
Quinghong 1995, Grandin 2004). In other cases, the sampling occasions were too few 
(e.g. Šeda 2001). The currently ongoing ICP IM biodiversity assessment based on the 
new reporting format will probably enable broader analyses of N and S deposition 
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Figure 2.2 Relationship between time trends of cover values of vascular plants, bryophytes 
of the forest floor (circle) and epiphytic lichens on tree trunks (triangles) in ICP IM sites and 
(top) nitrogen deposition and (bottom) site specific empirical nitrogen CL exceedance. Time 
trends were tested with a Generalized Mixed model with ICP IM site as a random grouping 
factor. Random coefficients of time trends within these groups are shown at the y-axis. Positive 
coefficients indicate increase of cover, negative coefficients indicate decrease of cover. Only those 
species, which show a significant overall trend (p<0.05), which occur in at least 5 ICP IM intensive 
plots.
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and their effects on terrestrial ecosystems. There are also new statistical techniques 
that are capable of analysing short time series (see Hülber et al. 2008, Yee & Dirnböck 
2009) and more complex data (Mixed Models, see above).
The preliminary analyses of collected data show that species changes are highly 
variable between sites. The found significant changes are restricted to few species and 
the relationship with air pollution is not very clear. Further analyses will focus on 
community changes and changes of diversity using indicators. The results will again 
be compared with CL exceedance. The more data is available the more likely it is to 
detect an intrinsic pattern. Reporting of all recorded data is thus extremely important.
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3 Report on updated heavy metal 
   budgets and critical loads 
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Uppsala, Sweden, e-mail: lage.bringmark@slu.se
The International Cooperative Programme on Integrated Monitoring (ICP IM) in 
Europe provides unique opportunity of European scale comparison of sites at different 
pollution loads and climates. Heavy metal studies are costly and not compulsory in 
the ICP IM programme, but we are still able to show metal deposition and runoff 
estimates for a number of sites. This has been reported in earlier annual reports but 
values are now updated.
In the efforts to produce a scientific paper on heavy metal budgets of catchments in 
the ICP IM program, the data have been updated for the period 2004-2007 with some 
contributions from 2008. This work is a cooperative task that will involve a number of 
co-authors from national ICP IM programmes. The information in Table 3.1 and Figure 
3.1 now covers some part of the entire period 1996-2008 for each site. The picture of 
an ongoing very effective retention of the metals for most of catchments is still very 
evident. Disregarding DE01 and CZ02, sites with very large water discharge, the metal 
outflow by runoff from the other investigated sites with coniferous forest was in the 
range of 5-27% of the input by throughfall for Pb and 4-79% for Cd. The outflow for 
Hg was 10-20% of throughfall at four Swedish sites. It should be noted that the total 
metal deposition on the forest ecosystems probably is more than just throughfall with 
part of the litterfall to be added as well. The measured very high degree of catchment 
retention took place in a decade with dramatically reduced metal loads and inspite 
of large stores accumulated in earlier times. We know that metal contents in the 
Table 3.1 Flows of lead (Pb) and cadmium (Cd) in bulk deposition (BD), throughfall (TF) and 
stream water (runoff-RW) at ICP IM sites for one or more years during1996-2008 (mg.m-2.a-1). 
IM site
Lead, Pb, mg.m-2.a-1 Cadmium, Cd, mg.m-2.a-1
BD TF LF RW BD TF LF RW
SE16, Gammtratten 0.77 0.71 0.46 0.10 0.031 0.031 0.025 0.008
SE15, Kindla 1.22 1.06 0.92 0.20 0.051 0.039 0.027 0.031
SE14, Aneboda 0.76 1.08 1.23 0.29 0.027 0.039 0.064 0.012
FI03, Hietajärvi 0.57 0.53 0.04 0.020
FI01, Valkea-Kotinen 0.65 0.12 0.024 0.004
LV02, Zoseni 1.01 0.91 0.06 0.073 0.14 0.005
LV01, Rucava 1.90 1.76 0.11 0.153 0.22 0.021
LT01, Aukstaitija 0.86 0.09 0.054 0.006
LT03, Zemaitija 1.94 0.24 0.050 0.014
CZ02, Lysina 0.62 0.67 0.88 0.042 0.037 0.168
CZ01, Anenske Povodi 2.83 1.34 0.07 0.12 0.080 0.010
DE01, Forellenbach 1.26 1.69 1.44 1.42 0.26 0.17 0.11 0.310
AT01, Zöbelboden,beech 0.93 0.86 0.49 0.31 0.021 0.012 0.014 < 0.02
AT01, Zöbelboden,spruce 0.93 1.69 1,17 0.31 0.021 0.048 0.052 < 0.02
34  The Finnish Environment  18 | 2011
biologically important surface soil layers have been significantly reduced for Cd and 
Pb and to a lesser degree for Hg. This was reported for IM sites of southern Sweden 
in the16th Annual Report 2007. The lost metals from upper layers are relocated and 
retained within the catchments.
Figure 3.1 Mercury balances for the four Swedish catchments SE04, SE14, SE15 and SE16 showing 
throughfall, TF, litterfall, LF and runoff, RW.
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3.1  
Critical loads for Cd, Pb, Hg and 
critical limit for mercury
The starting point for critical load calculations is to define the critical levels in relevant 
recipients. For metal effects five endpoints are considered, i.e. drinking water (human 
health), terrestrial food (human health), terrestrial ecotoxicological effects, aquatic 
ecotoxicological effects and aquatic food (human health). The first four form the base 
for defining a critical concentration in the soil solution (for Pb, Cd or Hg), which by 
a mass balance model is related to a critical deposition. The fifth endpoint is content 
of Hg in fish, which in the critical load manual directly relates to concentration in 
rainfall (UBA 2004). The terrestrial ecotoxicological effects have been considered by 
most countries participating in the critical load work, while the food quality has been 
considered by fewer countries.
A recent Europe-wide effort on mapping critical loads and exceedances for Pb, 
Cd and Hg in 27 countries was performed by the Coordination Centre for Effects 
following a call for data in 2004 (CCE 2010). Atmospheric deposition defined by the 
current ratification of the HM Protocol and deposition at three scenarios related to full 
ratification and revised protocols were compared with the critical loads. Exceedances 
were calculated. Other input sources such as fertilizers were not included.  Data 
for the critical load calculations were delivered from 18 countries and a data base 
at the coordination centre was used for the remaining ones. Based mainly on the 
ecotoxicological effects and deposition at the present level of ratification of the 
protocol it was concluded that critical load for cadmium was exceeded in a mere 
0.4% of the European land area, lead in 12 % and mercury in 54%. These numbers are 
based on exceedance of the 5th percentile of critical loads calculated for sites within 
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each 50 km x 50 km EMEP grid cell. In the three countries that considered Hg in fish, 
exceedance in 97-100%  of the area was reported. 
The performed mappings of critical loads bring about strong concern that estimates 
for Hg should be good. This is further underlined by the fact that Hg deposition is 
diminishing to a lesser extent than deposition of the other metals. At present the South 
Swedish concentration of 0.5 µg.g-1 in the organic material of humus layers is chosen 
as the critical level defining the accepted concentration in the soil solution. This was 
based on experimental evidence of Hg effects in materials from humus layers at 2 
µg.g-1 combined with observed metal effects at lower Hg levels in field situations. 
However, the latter indications are not independent of Pb co-occuring with Hg. Two 
papers in 2010 should improve the knowledge of Hg effects in soils. By using the free-
ion approach in the same way as for Cd and Pb to harmonize and compile data from 
a large number of experiments in the literature, Tipping et al. (2010) derived a critical 
limit for Hg at 3.3 µg.g-1 of soil organic material. At this limit 95% of the investigated 
biota were considered safe. 
Minerogenic soils with low levels of organic material played a major role in this 
compilation, while humus layers with more freshly formed organic matter were not 
represented. On the other hand, by adding Hg to the upper more biologically active 
part of a coniferous forest humus layer, Åkerblom et al. (2010) determined an effect 
level for soil respiration at 0.8 µg.g-1 of Hg in the organic material. This soil layer is 
biologically very active in boreal systems as a site for decomposers, nutrient and 
carbon processes and for mycorrhiza. The determination was made on material 
sampled from the IM site Gammtratten in northern Sweden. In Åkerblom et al. 
(2010) it was shown that the general level of microbial activity was important for the 
sensitivity to added lead and mercury. In the lower part of a humus layer threshold 
levels for effects by Pb and Hg were found to be higher than in the upper layer. 
This was associated with a low activity of decomposers. In fact, soil layers can be 
expected to have very different toxicity thresholds related to the general activity of 
microorganisms, which in its turn is governed by the availability of decomposable 
carbon. It would be desired to gather much more evidence on biological mercury 
effects in soils. There should be a focuse on biogically active and at the same time 
sensitive soil layers.
The transfer of mercury to freshwater fish from soil systems is a major concern due 
to direct human health issues. Forestry operations have been especially highlighted 
in this connection with research currently under way in Scandinavia and Finland. A 
generalisation of the current knowledge on Hg mobilisation to fish by forestry was 
presented by Bishop et al. 2009. The judgements of this report already have to be 
modified in relation to a case study from northern Sweden showing much less Hg 
mobilisation as a result of minimal mechanical soil disturbance (Sørensen et al. 2009).
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4 Report on benefits of LTER 
   collaboration
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4.1 
Background
The objectives of ICP IM are in many respects linked to the main concepts and objectives 
of LTER (Long-Term Ecosystem Research) and the LTER-Europe site network (www.
lter-europe.net).  The main objectives of ICP IM are documented in the programme 
manual (www.environment.fi/syke/im) and can be summarised as follows:
• To monitor the biological, chemical and physical state of ecosystems 
(catchments/plots) over time in order to provide an explanation of changes 
in terms of causative environmental factors, including natural changes, air 
pollution and climate change, with the aim to provide a scientific basis for 
emission control.
• To develop and validate models for the simulation of ecosystem responses 
and use them (a) to estimate responses to actual or predicted changes 
in pollution stress, and (b) in concert with survey data to make regional 
assessments.
• To carry out biomonitoring to detect natural changes, in particular to assess 
effects of air pollutants and climate change.
A primary concern is the provision of scientific and statistically reliable data that can 
be used in modelling and decision making. 
Established in the seventies LTER networks were mainly focused on ecological 
phenomena that could be investigated at the local level (site-level), but supported the 
interpretation of larger scale processes. To support fundamental research on ecosystem 
processes, the selection of sites favoured natural or semi-natural ecosystems with core 
study topics being primary production, population ecology, biogeochemical cycles, 
organic matter dynamics, disturbances and biodiversity. The recent shifts in the 
ecological research and management paradigms were considered and incorporated 
in the design of the emerging LTER-Europe as a “next-generation network”, which 
consists of traditional LTER sites (local level) and LTSER platforms (sub-regional 
and landscape level). LTSER platforms are intended to serve as hot spot regions for 
socio-ecological research, to inter alia improve the knowledge base for efficient nature 
conservation and management. The development of LTER-Europe owes much to the 
European Commission’s Framework 6 Network of Excellence, ALTER-Net (A Long-
Term Biodiversity, Ecosystem and Awareness Research Network, www.alter-net.info). 
ALTER-Net was a five year project (2004-2009) which aimed to integrate European 
biodiversity research capacity. ALTER-Net is now operating independently from EC 
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but involving EU partners. The development of a single European LTER network was 
one of the main objectives of ALTER-Net. 
The LTER collaboration aims at providing a co-operative international infrastructure 
to enhance national and international research. In the face of global change it is 
an important step to understand the complexity and persistence of environmental 
problems that emerge from a continuous interplay between nature and society. 
Thus, new approaches to nature conservation and management need to refer to 
interdisciplinary, long-term, and multi-scale research which incorporates traditional 
knowledge and modern technologies to achieve sustainability. Research must also 
address a variety of drivers of environmental change and provide tangible results that 
can be implemented through regional consultancy and local participation.
Establishment of LTER networks is partly focused on ecological phenomena that 
could be investigated at the local level. However, LTER networks should support the 
interpretation of larger scale regional, national or, ultimately, global processes. The 
LTER network of field sites is ideal for urgently needed studies on new emergent 
research issues. LTER also has an important task in education and in popular science, 
disseminating the findings to end users, stakeholders, schools, and a broader public. A 
LTER site is of limited size and represents one or more habitat types and forms of land 
use at different latitudes and altitudes. Activities are concentrated on biogeochemical 
processes and biodiversity issues being also under influence from climate and climate 
change. These recent shifts in ecological research and management paradigms are 
considered and incorporated in the design of the emerging LTER-Europe as a “next-
generation network”.
LTER-Europe is a network of research infrastructures and institutions involved in 
ecological research in Europe. It is a virtual European ecological research institute 
created by combining national LTER networks. It is a platform for the establishment 
of ecological research projects which links researchers, scientific site managers and 
data owners. The main objectives of LTER-Europe can be summarised as follows:
• To identify drivers of ecosystem change across European environmental and 
economic gradients. 
• To explore relations between these drivers, responses and developmental 
challenges under the framework of a common research agenda, and referring 
to harmonized parameters and methods. 
• To develop criteria for LTER Sites and LTSER Platforms to support cutting 
edge science with a unique in-situ infrastructure. 
• To improve co-operation and synergy between different actors, interest 
groups, networks, etc.
In addition to these similarities regarding aims and objectives, the same sites belong to 
both the ICP IM and LTER-Europe networks in many countries (e.g. Austria, Finland, 
Italy, and Sweden). At some of these sites also the activities of ICP Forests and ICP 
Waters have been integrated. The research agenda of LTER-Europe includes land 
management and effects of land-use change. The data from the undisturbed ICP IM 
sites could potentially be used as reference areas in this context.
4.2 
Needs for long-term monitoring/
research infrastructures
Many ecological and social processes change over variable time intervals or exhibit 
transient unpredictable behaviours, and are therefore hard to detect without long 
baselines that reveal trends and dynamics. Environmental impacts caused by changes 
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in deposition and climate, as well as changes in biodiversity, are typical sectors where 
such baseline information is needed. Research in coupled environmental-human 
systems also shows that ecological and social processes can interact in surprising 
ways. As environmental change approaches tipping points or nonlinear thresholds, 
the need to anticipate and mitigate future change is clear. In particular, integrative 
research/monitoring is required that is long-term.
There are many advantages in locating both long-term monitoring programmes and 
scientific research projects/infrastructures at the same sites. These advantages include 
possibilities to obtain more extensive and long-term datasets, savings concerning costs 
for operation and equipment, and enhanced scientific cooperation between research 
institutes and universities. Since the financial resources available for environmental 
monitoring and research is under increasing pressure in many European countries, the 
maintenance of valuable long-term infrastructures is a common aim. As documented 
above, this integration process is under way in many of these countries.
4.3  
Projects and processes of relevance for supporting 
long-term ecosystem monitoring and research
There are currently many important Pan-European processes and projects that are 
supporting the establishment of long-term research and monitoring infrastructures 
and which are related to the ICP IM and LTER frameworks:
EnvEurope
The LIFE project “Environmental quality and pressures assessment across Europe; 
the LTER network as an integrated and shared system for ecosystem monitoring – 
EnvEurope” is a pan-European initiative to elaborate ecological data based on intensive 
monitoring. Growing concern about environmental conditions has driven efforts to 
monitor and evaluate environmental status and trends. National and international 
environmental regulations are rapidly increasing in number and environmental 
assessments have become usual in planning and evaluation at all scales of decision-
making. It is increasingly recognized that ecological and environmental aspects need 
to be included in decision-making, next to socio-economic aspects. However, the 
link between environmental policy and ecosystem quality is not straightforward or 
predictable. Quality objectives are highly dependent on scientific knowledge about 
ecosystems, such as cause-effect relationships. Science and policy must establish 
an efficient interaction to achieve “joint knowledge production” enabling the best 
mutual information flow. The EU is adopting environmental policies that require 
a shift to an ecosystem-based environmental management. Ecological systems are 
intrinsically complex: managing and understanding them requires information and 
simplification. The construction of ecological indicators, as primary assessors of the 
pressures on the environment, of the evolving state of the environment, and of the 
appropriateness of policy measures plays a vital role. Indicators supply a system of 
environmental quality evaluation only when they are properly selected and when 
the methodology to calculate them is shared and agreed. The process of selection, 
integration and aggregation of indicators and, even more importantly, of the data that 
generate indicators, has to be framed in a scientifically sound context, analysing the 
available long-term ecological data, gathered at the appropriate temporal and spatial 
scales. A network-based, long-term integrated program based on this framework 
with thoroughly shared intellectual partnerships among disciplines and covering 
large geographical scales, will be unique for environmental policy. Such a program 
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is essential to better understand, predict and manage the dynamics of human-
environmental systems, to generate shared data sets, and to reveal generality through 
synthesis.
The EnvEurope objectives can be summarized as providing ecological data and 
information on long-term trends of terrestrial, freshwater and marine ecosystems over 
environmental gradients. The core of this activity will be the analysis of the long-term 
ecological series of data as provided by LTER and its comparison at appropriate scales. 
Further it should provide and develop an integrated information management system 
on status and long-term trend of environmental quality. Experiences will be of high 
value for the development of the technical components of the Shared Environmental 
System for Europe (SEIS). The project should develop an integrated and permanent 
site-system to detect and evaluate changes in environmental quality across Europe. 
This objective will be achieved by using harmonized methods, proposed and shared 
by the LTER scientific and technical community. It should also select a set of key 
environmental quality indicators sensitive to defined major pressures and drivers. 
This will be done in the context of a joint and interactive knowledge exchange between 
science and policy. Within this context the stakeholder perspectives will be integrated 
as a fundamental tool to determine both indicator quality and acceptance.
The action involved ranges over data collection and management, parameter and 
method elaboration, cause-effect analysis and scientific evaluation, network design, 
testing in the field, and strategic actions and dissemination.
LifeWatch
LifeWatch (www.lifewatch.eu) is a European distributed infrastructure that is 
being developed under the auspices of the European Strategy Forum on Research 
Infrastructures (ESFRI). It is the ambition of LifeWatch to create a fully transparent 
system for the exchange of data following already established standards and building 
upon earlier initiatives to develop standards, databases and systems. It brings 
together facilities for data generation and interoperability in support of networks 
of biodiversity/ecosystem observatories (field stations and biological collections). 
LifeWatch will add functionality and interoperability, provide analysis and modelling 
tools and access to the computational power required to work with complex datasets 
and detailed spatial models. ALTER-Net (see above) was one of the main initiatives 
supporting the establishment of LifeWatch and the links to LTER-Europe.
LifeWatch research infrastructure has started construction in 2011. On 19th January 
2011 representatives from organisations in Hungary, Italy, the Netherlands, Romania 
and Spain signed a Memorandum of Understanding to cooperate for an early start of 
the LifeWatch infrastructure. The initial country consortium establishing the LifeWatch 
research infrastructure agreed to finance the start-up activities for the infrastructure 
construction. These countries will host the Common Facilities of LifeWatch. The 
LifeWatch Stakeholders Board, representing the ten countries aiming at establishing 
the LifeWatch European Research Infrastructure Consortium (ERIC), welcomed the 
initiative to start early construction. Apart from the Common Facilities, an increasing 
number of countries is enforcing its position in LifeWatch by constructing distributed 
LifeWatch Centres, operating specific capabilities and services in support of the 
research community. 
EXPEER
EXPEER (Distributed Infrastructure for EXPErimentation in Ecosystem Research), 
is a European project funded by the 7th framework programme of the European 
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Commission. LTER-Europe was one of the main initiatives behind the establishment 
of the project consortium. 
EXPEER will bring together, major observational, experimental, analytical 
and modelling facilities in ecosystem science in Europe. The establishment of the 
infrastructure will enable integrated studies of the impacts of climate change, land 
use change and loss of biodiversity in terrestrial ecosystems through two major steps: 
1. Bringing together the EXPEER Infrastructures to enable collaboration and 
integration of observational, experimental and modelling approaches in 
ecosystem research:
2. Structuring existing network of ecosystem observational, monitoring and 
experimental sites across Europe (LTER-Europe). 
FutMon
Often monitoring is carried out in protected areas separated from land-use effects. But, 
the majority of land areas are used for activities such as agriculture and forestry. These 
activities exert great influences and should be under special monitoring schemes. The 
background data are provided from many monitoring programmes where ICP IM is 
one of the major site networks. Related to forestry ICP Forests programme has been 
studying all kinds of forests over Europe, for the last 2.5 years within the FutMon 
project “Further development and implementation of an EU-level forest monitoring 
system”.
This project aims at the creation of a pan-European forest monitoring system 
which can serve as a basis for the provision of policy relevant information on forest 
in the European Union as required under international obligations and key action 8 
in the Forest Action plan. More specifically, the objectives of the project are to build 
capacities for the coordination of harmonized forest monitoring, using synergies 
by linking existing and new monitoring mechanisms at the national, regional and 
European level. In the development there are two monitoring schemes; i.e. one, 
Level I, being a synoptic spatial inventory on a fairly large number of plots, being re-
inventoried each year and in some cases for partners coinciding with national forest 
inventories. In the prolongation, the joint approach would be beneficial. 
However, these spatial inventories lack the process oriented approach that is a corner-
stone for IM and LTER. To achieve such kind of approach ICP Forests and FutMon 
also include so called Level II plots, which in spite of a rather small investigated area 
resembles ecosystem approaches. The extension of such limited area to be typical and 
included in catchments would even reach closer harmonization with IM and LTER. In 
such a programme further development towards super sites is forecasted and further 
elaborated here in the COST Action FP0903. But, already the FutMon Level II sites 
contribute to the catchment ecosystem approach. Objectives are to build capacities 
for the coordination of harmonized forest monitoring, using synergies by linking 
existing and new monitoring mechanisms at national and regional level. In similar 
programmes with IM and LTER intentions are to collect quantitative and qualitative 
data related to forest conditions and use, related to climate change, air pollution and 
biodiversity. Data could contribute to the EC European Forest Data Centre (EFDAC). 
Information would also be given on indicators for sustainable pan-European forest 
management contributing to the intentions of the Ministerial Conference on the 
Protection of Forests in Europe (MCPFE). FutMon would also contribute to the 
network of projects for forest monitoring and the associated scientific analysis for 
the provision of forest ecosystem reports in favour for stakeholder decisions.
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COST 0903 and EU SFC (Standing Forest Committee)
An EU COST action has been established on “Climate Change and Forest Mitigation 
and Adaptation in a Polluted Environment“. It is directed on the special issues that 
forests could face regarding pressures from climate change and air pollution. The 
COST Strategic Workshop “Forest Ecosystems in a Changing Environment: Identifying 
Future Monitoring and Research Needs”, held in Istanbul in 2008, identified the need 
for more integration between approaches and themes in order to assess the risks for 
European forests. This Action creates a platform of experts from different fields, with 
the following main objectives: 1) to increase understanding of state and potential of 
forest mitigation and adaptation to climate change in a polluted environment; and 
2) to reconcile process-oriented research as being conducted in ICP IM, long-term 
ecological monitoring and research (LTER) and applied modelling at comprehensive 
forest research sites, suggested as “Supersites”. Such sites were proposed in Istanbul, 
with the main aim of integrating soil, plant and atmospheric sciences and monitoring, 
and providing policy-oriented modelling with scientifically sound indicators of 
pollution and climate-related risks. 
Emerging monitoring and research needs have been identified on a number of 
problems such as:
1. Climate change and air pollutant issues are closely linked and require more 
integrated research, monitoring and modelling approaches; 
2. Biological reactions of forests to climate change need to be studied and 
monitored in detail; 
3. Water supply and meteorological conditions are basic information; 
4. Ozone risk assessment needs to be improved by developing a flux-based 
approach; 
5. Effects of critical load exceedances need to be substantiated. Dynamic 
modelling needs further implementation; 
6. Element fluxes are essential for understanding effects of disturbances on 
forests; 
7. An extended and integrated assessment of biodiversity indicators has to build 
on existing facilities; 
8. Consistent quality assurance programs help to guarantee the efficient use of 
financial resources. 
The Standing Forest Committee recognises needs for forest monitoring and 
recommends National Forest Inventories for information on current conditions but 
with the need for pan-European harmonisation. Parallel to this there are strong needs 
for process oriented forest ecosystem monitoring and associated scientific evaluation 
and research to be carried out in cooperation with existing monitoring and research 
programmes, such as ICP IM and LTER, with development of new sites facing also 
forest managed areas and the land-use effects in relation to climate change and air 
pollution to elucidate consequences for biodiversity, water conditions and other 
environmental services.
4.4  
Concluding remarks
The ICP IM and LTER-Europe networks have many common aims regarding work 
on long-term problems and processes in terrestrial and aquatic ecosystems. The 
advantages in carrying out ecosystem monitoring and research at common sites are 
obvious (including scientific, financial and operational aspects) and therefore these 
networks already have activities at common sites in many countries. This integration 
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process is also proceeding at many levels, and is supported by several on-going 
European projects and processes.
There are several possibilities for further development of ICP IM/LTER-Europe 
collaboration:
• Arrangement of common seminars/meetings of ICP IM and LTER-Europe 
communities at national scale, particularly in the countries were the 
collaboration still is emerging. 
• Further cooperation of ICP IM sites with established national LTER-Europe 
networks.
• Formalizing the network collaboration by decisions of respective steering 
bodies (ICP IM Task Force meeting/WGE, LTER-Europe meetings of national 
representatives).
• Harmonization of technical methods and manuals of both networks.
• Integration of common ICP IM/LTER-Europe sites in developing core 
European research infrastructures (e.g. LifeWatch and EXPEER).
• Use of data from undisturbed ICP IM sites as reference areas for LTER-Europe 
research on land-use change processes, especially related to land management 
and environmental services.
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Annex 1
Report on national ICP IM activities in Austria
Thomas Dirnböck, Maria-Theresia Grabner, Johannes Kobler
Environment Agency Austria, Department for Ecosystem Research and Monitoring, e-mail: 
thomas.dirnboeck@umweltbundesamt.at
Austria has been running one ICP IM site (Zöbelboden) since the year 1992, which is 
located in the Northern Limestone Alps. Most monitoring subprogrammes continued 
although some of the measurements had to be reduced owing to financial reasons. In 
2009, analysis intervals for elements in deposition and soil water were extended from 
two weeks to four weeks. Heavy metal analyses were completed by 2009. However, in 
2010, and five years after the last observations, ground vegetation, tree layer, epiphytic 
lichens and bryophytes were recorded.
In recent years ICP IM site Zöbelboden has been increasingly used for research 
projects. Today Zöbelboden is a core site of LTER Austria, part of LTER Europe and 
involved in a series of EU funded projects (FP6-ALTER-Net, FP7-EBONE, Life+-
EnvEurope) and EU infrastructure developments such as EXPEER.
Core activities during 2010 were
• Developing a hydrological catchment model which is able to cope with the 
complex runoff processes of the Karst area.
• Final analyses and reports regarding long-term heavy metal trends and 
processes
• Using the long-term data together with additional measurements to calculate 
carbon budgets
• Publication of long-term input-output budgets of nitrogen
• Publication of a series of studies on tree regeneration as influenced by 
nitrogen deposition
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Annex 2
Report on national ICP IM activities in Estonia
Jane Frey1, Naima Kabral2, Toomas Frey3, Reet Talkop4
1 Institute of Geography, Tartu University, Ülikooli 18, 50090 Tartu, Estonia,
e-mail: jane.frey@ut.ee,
2 Estonian Environmental Research Centre, Marja 4D, 10617 Tallinn, Estonia, 
e-mail: naima.kabral@klab.ee,
3Institute of Silviculture, Estonian University of Life Science, e-mail: toomas.frey@mail.ee
4Estonian Ministry of Environment, Analysis and Planning Department, 
e-mail: reet.talkop@envir.ee
ICP IM Programme has been carried out at two monitoring sites in Estonia since 1995. 
Vilsandi (EE01) area is located on Estonia’s westernmost island (58º23´ N, 21º50´ E) 
and Saarejärve (EE02) is located at the forested sub-catchment area (109 ha) of Lake 
Saare in eastern Estonia (58º39´ N, 26º45´ E). Stand characteristics of permanent plots 
of the monitoring sites are presented in table 1.
Reporting year 2010 was a year of high precipitation and, hence, it was characterized 
by higher bulk precipitation, throughfall, soil water and runoff water fluxes compared 
to the average annual water fluxes for the period 1995-2009 (Table 1). 
In 2010 sampling and measurements were run under the sub-programmes: AM, 
AC, PC, TF, SF, SC, SW, GW, LF, FD, EP, MB at both areas, and, additionally, under 
RW and AL at Saarejärve (EE02) area.
Table 1 Stand characteristics and 2010 water fluxes (mm) compared with average annual water 
fluxes during 1995-2009 (in brackets) of permanent plots at Estonian integrated monitoring sites.
Permanent plot Vilsandi (EE01)
pine stand
Saarejärve (EE02)
pine stand
Saarejärve (EE02) 
spruce stand
Site type Fragario-Pinetum Rhodococco-vitis-
idaeo-Pinetum
Vaccinio-myrtilli-
Piceetum
Soil type Calcari-Gleyic Leptosol Haplic Podzol Haplic Podzol
Age of dominant trees 105 125 95
Bulk precipitation 731 (510) 701 (667)
Throughfall 402 (290) 582 (542) 530 (462)
Soil water amount from depth 
of 10 cm 
119 (103) 49 (55) 133 (115)
Soil water amount from depth 
of 40 cm 
49 (94) 29 (29) 121 (80)
Runoff water 125 (117)
Continuing decline of anthropogenic anions 
in deposition during 2007-2010
The nonparametric Mann-Kendall test was used for the detection of trends in monthly 
mean concentration of ions in bulk precipitation and throughfall during 2007-2010 
(Table 2). Monthly mean concentrations of SO4-S and Cl showed statistically significant 
decline in bulk precipitation and throughfall in pine stands at both monitoring areas 
(EE01 and EE02) during the last four years. At the same time concentration of NO3-N 
also decreased in deposition fluxes at Saarejärve. The decline in monthly means of 
anthropogenic anions was compensated by statistically significant increase of HCO3 
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(alkalinity) in deposition fluxes at Saarejärve area. The monthly mean pH in input 
fluxes increased but the trend was not statistically significant (mean pH in bulk 
precipitation was 5.8, in pine throughfall 5.5 and in spruce throughfall 5.3 in 2010).
At Vilsandi monitoring area the decreased concentration of anions was correlated 
with a decrease in the monthly means of most cations, of which the decline of Na (in 
pine throughfall and bulk precipitation) and Mg in bulk precipitation was significant. 
The monthly mean pH of bulk precipitation and pine throughfall decreased 
significantly during the last four years (the mean pH in bulk precipitation was 4.5 
and in pine throughfall 4.4 in 2010).
SO4-S deposition in 2010 was one of the 
lowest during the monitoring period 
Annual open area deposition of S at Saarejärve was only 2.3 kg ha-1 in 2010, which 
is the lowest load measured during the 16-year monitoring period. The annual load 
of S has declined from 12 kg S ha-1 in 1996 to 3-5 kg S ha-1 during 1997-2001, to 3-4 
kg S ha-1 during 2002-2008, and finally to 2.3 kg S ha-1 in the last two years. In 2010 
the annual S load in the open area at Vilsandi was 2.7 kg S ha-1 while in 1996 the S 
deposition was 4.9 kg ha-1. 
The greatest decline of SO4-S in throughfall deposition occurred during 1998-2000, 
when annual load of S declined from 8 kg ha-1 to 5 kg S ha-1 in Saarejärve pine stand, 
from 8 kg ha-1 to 4 kg S ha-1  in Vilsandi pine stand and from 13 kg ha-1 to 6.3 kg S ha-1 
in Saarejärve spruce stand. The throughfall deposition of SO4-S declined below 5 kg 
ha-1  from 2003 in all stands at both areas. In 2010 the annual throughfall loads of SO4-S 
were lower at Saarejärve: 3.3 and 3.7 kg ha-1 in pine and spruce stands, respectively, 
compared with 4.6 kg S ha-1 in Vilsandi pine stand, where the concentration has 
remained the same as it was in 2007.
Trends in soil water 2007-2010
The decline of anthropogenic anion concentration in throughfall deposition is in good 
correlation with the statistically significant decrease of monthly mean concentrations 
of SO4-S and NO3-N in soilwater under organic layer (in depth of 10 cm) of podzols in 
pine and spruce stands at Saarejärve (EE02) (Table 2).  Monthly mean concentrations of 
antropogenic anions also decreased in soilwater from the depth of 40 cm (E horizon), 
but the trend was significant only in the spruce stand for SO4-S and in the pine 
stand for Cl. The decline of anions in soilwater corresponded with the decline of all 
mono- and divalent cations: Ca (significant decrease in the spruce stand at 40 cm), 
Mg (significant in the spruce stand at both depths), Na (significant in the pine stand 
at both depths and in the spruce stand at the depth of 10 cm), and K (significant in 
the pine stand at both depths). At the same time, concentrations of trivalent cations 
increased: soluble free Al (significant increase under organic layer of both stands), and 
Fe (significant increase under organic layer in the pine stand). The leaching of trivalent 
cations into soilwater is in good correlation with the decline of pH in soilwater (the 
trend is significant at the depth of 10 cm in the pine stand and at the depth of 40 cm 
in the spruce stand).
The decline of SO4-S and Cl in throughfall at Vilsandi pine stand corresponded with 
a significant decrease of SO4-S and Cl in the carbonate-rich soilwater, which matched 
with the decline of Na, total Al and Fe concentrations at both depths. A significant 
trend at both depths in A and B horizons was also the increase in NH4-N and NO3-N 
concentrations, which in A horizon probably shows increased mineralisation processes 
of organic matter.
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Trends in runoff water 2007-2010
Monitoring of the runoff water of Lake Saare catchment area (EE02), which is well 
buffered and not sensitive to acidifying deposition, showed a significant (p<0.001) 
increase in SiO2  concentrations during 1994-2010, indicating increased weathering of 
silicate minerals. In 2007-2010 increased weathering of carbonates occurred, which is 
characterized by significant upward trends of Ca and HCO3 in the runoff water (Table 
2). The monthly means of anthropogenic SO4-S, NO3-N and Cl showed a significant 
downward trend. The estimated decline of SO4-S in runoff water in 2007-2010 occured 
for the very first time during the whole monitoring period. Annual total output of 
SO4-S from the catchment (4.2 kg ha
-1) was 1.5 kg higher than the deposited input (2.7 
kg ha-1), which shows net release of previously retained S from the catchment area.
Table 2 Trends of monthly mean concentrations in bulk precipitation (PC), throughfall (TF), soil water and runoff 
water in Estonian IM areas EE01 (Vilsandi) and EE02 (Saarejärve) during 2007-2010 according to Mann-Kendall 
nonparametric test. Significance level *** 0.001; **0.01; *0.05; + 0.1 (↓ downward trend; ↑ upward trend).
Ions Deposition Soil water Runoff
EE01 EE02 EE01 EE02 EE02
PC TF 
pine 
stand
PC TF 
pine 
stand 
TF
spruce
stand
15cm 
pine 
stand
35cm 
pine 
stand
10cm 
pine 
stand
10cm 
spruce 
stand
40cm 
pine 
stand
40cm 
spruce 
stand
mm
SO4S  +↓ *  ↓ *↓ ↓ ***↓ * ↓ ** ↓    ↓ ***↓ **↓
NO3N + ↓ *↓ ↓  +↑ * ↓ *  ↓    ↓     ↓ **↓
NH4N ***↑ ***↑
Ca  +↓ *↓   ↓   ↓    ↓  **↓  *↑
Na **↓ ***↓ ***↓ ***↓ * ↓ * ↓ *  ↓    ↓
K +↑  +↑ * ↓   ↓ *  ↓    ↓
Mg +↓   ↓ **↓    ↓ **↓
Cl **↓ ***↓  ↓ *↓ *↓ **↓ *↓   ↓    ↓ ** ↓    ↓ ***↓
Ptot  ↑ +↑ ***↑
Ntot  ↑ *** ↑ ↑
HCO3 *** ↑ *↑ ***↑   *↑
Altot ***↓ +↓
Al * ↑ * ↑
Mn
Fe **↓ *↓ * ↑   ↑
SIO2   ↓   ↓ *↓  ↓
pH +↓ *↓ **↓   ↓  ↓ *↓
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Annex 3
2006-2010 period in content of 18 years 
activity of ICP IM programme in Lithuania
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1Lithuanian University of Agriculture, Kaunas Lithuania, 
e-mail: algirdas.augustaitis@lzuu.lt
2Institute of Geography and Geology, Vilnius, Lithuania
3State Research Institute Center for Physical Sciences and Technology, Vilnius, Lithuania
Introduction
Changes in forest ecosystems, in most cases, are related to the integrated impact 
of natural and anthropogenic factors, where air concentration of surface ozone, 
and S and N deposition play a predisposing, accompanying and locally, even a 
triggering role. These rather different effects of air pollution could be explained by 
the integrated direct, above-ground, impacts of SO2, NOx, NH4
+ and H+ on foliage 
and indirect, soil-mediated impacts of acid deposition on roots, which may cause 
nutrient deficiencies and aggravate natural stress, such as physiological drought and 
the occurrence of pests and diseases. Ambient O3 is also among key factors resulting 
in spatial and temporal changes of tree condition. On a regional scale, long-range 
transboundary air pollution and ensuing acidification of the environment could 
only be detected when data of repeated surveys for a relatively long period become 
available. The Integrated Monitoring Programme, which has been performed for 
18 years in Lithuania, provides all the necessary data to detect main tendencies in 
variation of meteorological parameters, acidifying species and ozone as well as soil 
mediated parameters and to establish which effects – direct, through the impact 
on leaves and needles or indirect, through the changes in soil mineralization and 
eutrophication processes – might be more significant to changes in crown defoliation 
of the prevailing tree species in Lithuania, and which of them constitutes a greater 
threat in their integrated impact. Due to rapid climate changes special attention was 
paid for the pollutant data over the last 5 years period, i.e. from 2006 to 2010, with 
the aim to predict possible changes in forest ecosystem.
Air pollution and acid deposition
IM data revealed a significant decrease in pollutant load until the year 2000. The air 
concentration of SO2 at Aukstaitija IM site (LT01) decreased by 82% (from 2.73 to 0.49 
mg S m-3) and at Zemaitija IM site (LT03) by 79% (from 2.22 to 0.47 mg S m-3). Thereafter, 
the concentration was stable at the level of 0.5 – 1.0 mg S m-3. Air concentration of 
aerosolic SO4
2- changed similarly to SO2 air concentration pattern.
The most significant decrease in ΣNH4
+ air concentration lasted until 2001 and 
made 86% in LT03 (from 8.55 to 1.15 mg N m-3) and 77% in LT01 (from 4.44 to 1.02 
mg N m-3). During 2001-2005 period a stabilization of air ΣNH4
+ concentration at the 
level of 1.1 – 1.3 mg N m-3 in both LT01 and LT03 was observed. Annual means of 
ΣNO3
- concentration in the air were stable at the level of 0.5-0.7 mg N m-3 in all stations. 
Changes in annual wet deposition had a very similar pattern to that of the air. The 
wet deposition of sulphur for the period 1994-2000 at Aukstaitija decreased by 58% 
(from 600 to 250 mg S m-2) and at Zemaitija by 60% (from 750 to 300 mg S m-2). During 
2001-2005 period at LT01, sulphur deposition further decreased to 200 mg S m-2, while 
at LT03, it drastically increased again in 2002-2003, reaching around 600 mg S m-2.
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Decreases in annual wet deposition of NH4
+ from 492 to 198 mg N m-2 at LT01 and 
from 537 to 303 mg N m-2 at LT03 occurred until 2001. Afterwards, a gradual increase 
in deposition of the contaminant was observed at all stations. Contrary to this, no 
significant change in wet deposition of NO3
- was observed. 
Annual wet deposition values for NO3
- ranged from 241 to 211 mg N m-2 at LT01 
and from 414 to 342 mg N m-2 at LT03, with the exception of 2002, when it reached the 
peak. Despite this, the total N deposition during 2001-2005 period started to increase 
again mainly due to increase in ammonium deposition. As a result of these changes in 
acidifying compounds until 2001 a more than tenfold decrease in H+ concentration in 
precipitation and its deposition was observed at the stations, however, afterwards an 
increase especially at LT03 was recorded. Acidity of precipitation started to increase 
again mainly due to repeated increase in NH4
+ deposition especially in western part 
of Lithuania.
During the last 5-year period (2006 – 2010) annual mean air concentrations of SO2 
were in the range of 0.85 – 0.36 mg S m-3 (LT01) and 0.89 – 0.39 mg S m-3 (LT03), SO4
2-
 : 0.84 
– 0.67 mg S m-3 (LT01) and 0.79 – 0.56 mg S m-3 (LT03), NO2 :  0.70 – 0.66 mg N m
-3 (LT01) 
and 1.10 – 1.06 mg N m-3 (LT03), total NO3 (HNO3 and particulate NO3
-): 0.52 –0.50 mg N 
m-3 (LT01) and 0.58 –0.51 mg N m-3 (LT03), and total NH4 (NH3
+ and particulate NH4): 
1.26 – 1.08 mg N m-3 (LT01) and 1.51 – 1.03 mg N m-3 (LT03). Annual means of SO2 and 
SO4 have shown a relatively stable level and they are now generally below 0.40 mg S 
m-3 and 0.70 mg S m-3, respectively. There was a very distinct seasonal variation in SO2 
concentrations at both Lithuanian monitoring stations. SO2 concentrations reached 
the maximum values in winter and autumn, while a minimum occurred in summer. 
Time series of annual mean total NH4 concentrations had generally the same pattern 
as particulate SO4, and it revealed a slightly decreasing trend. Over the period 2007-
2010 the annual concentrations of total NH4 in air decreased by 14 % at station LT01 
and by 42 % at station LT03. The change in concentrations of NO2 and total NO3 was 
smaller than that of S species. However, there was no clear trend in annual means 
of NO2 at both stations. Annual means of NO2 were below 0.70 µg N m
-3 and 1.10 µg 
N m-3, respectively, at stations LT01 and LT03. Over the last five years, total annual 
mean NO3 concentrations decreased by 10 % and 24%, respectively, at stations LT01 
and LT03 and they are now generally below 0.58 µg N m-3. 
During the period 2006 – 2010, SO4, NO3 and NH4 annual concentrations in wet 
deposition at both monitoring stations ranged from 0.28 to 0.45 mg S l-1, 0.24–0.50 
mg N l-1 and 0.33–0.56 mg N l-1, respectively. The obtained data indicated that SO4, 
NO3 concentrations in precipitation remained rather steady at station LT01 within 
the last 5-year period, but due to the higher precipitation amount at this station wet 
deposition increased by 20 % for SO4, 10 % for NO3 and 51 % for NH4. 
Therefore, even after a complete implementation of the Gothenburg Protocol and 
other current legislation, the effect of N deposition with commensurate adverse 
biological effects still remains one of the most relevant problems in Lithuania as well 
as in Europe, the USA and Canada.
An analysis of the spatial pattern of regional pollution levels revealed that the 
Western part of Lithuania (LT03 station) was more polluted by the considered 
pollutants. That was most likely related to the proximity of those regions to the major 
pollutant sources in Central Europe as well as to the differences in the meteorology.
Surface ozone
The mean annual ozone concentration over vegetation and dormant periods since 
1996 has had a tendency to decrease at IM stations. At LT01 over the whole period of 
investigation this decrease reached statisticaly significant level, i.e. p<0.05 and made 
over the vegetation period -0.50 µg m-3 per year, over the dormant period -0.64 µg 
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m-3 per year. Such changes resulted in mean annual ozone concentration decrease by 
0.58 µg m-3 per year.
At LT03 the tendencies towards decrease in ozone concentration were detected as 
well, and these tendencies were a little more significant than those at LT01. Over the 
dormant period decrease in mean concentration made about -0.79 µg m-3 per year and 
over the vegetation about -0.71 µg m-3 per year. Such changes resulted in mean annual 
ozone concentration decrease by 0.75 µg m-3 per year. The main change in annual 
average ozone concentration was a result of changes in the concentrations over the 
cold period, especially in February - March. The largest seasonal change during this 
period was observed in February - March and September.
The annual average ozone concentration over the period 2006-2010 was in the 
range 61.7 ± 3.8 µg m-3. The highest concentration 67.2 µg m-3 was recorded in 2006 
and the lowest 57.2 µg m-3 in 2008.
The hourly maximum was measured in different months, but it did not exceed 
180 μg m-3, with the exception of May 2006, when the hourly ozone concentration 
reached 181.3 µg m-3. High (> 120 µg m-3) ozone concentrations in the western part 
of Lithuania during the 2005-2010 period were observed for less than 1% of the time. 
The data revealed that high ozone concentrations are usually attributed to polluted 
air transport from other regions, consequently ozone concentration and related 
parameters (AOT40, AOT60, etc.) will mainly depend on ozone precursor emissions in 
other regions in future, as Lithuania’s contribution to photochemical ozone formation 
is limited.
Complete implementation of the Gothenburg Protocol helped to significantly 
reduce concentrations of the main acidifying species in air and their deposition, what 
resulted in significant pine stand condition improvement. Despite these international 
efforts N species remain at the same level or start demonstrating a trend towards 
increasing, especially ammonium, what should result in further acidification of soils 
and act to worsen the problem of forests acidification in future.
Soil mediated parameters 
The main observed tendencies in soil, ground and runoff water were divided into 
two categories. The first one includes the uniform trends observed in both monitoring 
stations and the second one - different tendencies in Eastern and Western part of 
Lithuania represented by LT01 and LT03.
At LT03 the decrease in SO4
2- concentration in soil water between years 1994-2005 
made 0.24 mg S l-1 per year. Meanwhile at LT01, SO4
2- concentration in soil water was 
stable at the level of 4-5 mg S l-1. The decrease in NH4
+ concentration at LT01 made 
about 0.03 mg N l-1 per year, and at LT03 the concentration remained stable at the 
level of 0.20 mg N l-1. At LT03 a downward trend in NO3
- concentration in soil water 
was detected (0.013 mg N l-1 per year), while at LT01 it increased by 0.021 mg N l-1 per 
year. The detected changes in NO3
- concentration resulted in a significant increase in 
soil water pH at LT01, by 0.1 unit per year and a decrease at LT03, by 0.01 unit per 
year over this period. 
Nitrate concentrations in the ground water of LT01 had no statistically significant 
trends, whereas at LT03 NO3
- concentrations in the ground water of the shallow 
bores showed a decreasing trend, and in the water of the deeper bores an increasing 
trend. NH4
+ concentration showed a trend towards decreasing in all bores of both 
IM stations.
SO4
2- concentration changes had no regular patterns at LT01 station. At LT03 SO4
2- 
concentration changes had a tendency to decrease. The detected changes resulted in a 
gradual decrease of the ground water acidity at all considered depths. An exception, 
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however, was the change in water acidity of the shallow bore at LT03, which showed 
a tendency to increase. 
Stream water quality and runoff of the main chemical compounds from ecosystems 
reliably reflect a common tendency of the chemical processes occurring in forest 
ecosystems. Therefore, this parameter was used in the analysis to detect the indirect 
effect of deposition on tree conditions. Concentrations of NO3
- and SO4
2- in the surface 
water showed no statistically significant trends over the considered period, however, 
between 1998 and 2005 a significant decrease in SO4
2- concentration was observed 
at LT01. Over this period concentration of NH4
+ had a tendency to decrease in all 
stations over this period. These detected changes resulted in a gradual decrease of 
surface water acidity.
Despite rather similar character of the changes in NO3
- and NH4
+ concentrations 
in runoff water, there was an evident difference in their output. Over the considered 
period, the output of both N compounds at LT01 had a tendency to decrease, while 
at LT03 a tendency to increase. Similarly, the output of sulphur at LT03 increased 
significantly while at LT01, it decreased only until 2000, and afterwards some increase 
was observed.
Over the period of 2006-2010 significant depletion of easy solvable substances (K, 
Na, and Cl) took place in soil water; ground and surface water. Concentrations of 
other substances were stable or increased. These changes resulted in less acid soil 
water, groundwater and runoff water.
Heavy metals
Heavy metal deposition fluxes in the Eastern and Westerns Lithuanian regions were 
estimated and principal sources of trace metals in the atmosphere and atmospheric 
deposition were established. 
The concentrations of heavy metals in precipitation and their load were higher in 
the western part of Lithuania at LT03 than in the eastern part at LT01. Higher amount 
of precipitation in the western part of Lithuania, in addition, increased heavy metal 
load at LT03. The concentration of heavy metals at LT01 had a seasonal pattern – the 
concentration of natural origin elements was higher during the warm period and 
the concentration of anthropogenic origin elements was higher in the cold period.
For both stations the common correlating groups of elements – As-Cd, Ni-Cr-Cu 
and Mn-Cu – were established. These groups are most likely typical of the entire area 
of Lithuania and long-range transboundary air pollution resulted in their variation. 
Concentration of heavy metals in soil, ground and runoff waters were not increasing. 
Fe, Cu and Ni concentrations increased in runoff water of LT03 probably because of 
regional pollution. 
Forest condition
Long-range transboundary pollution and ensuing acidification of the environment 
were implicated as major causes of forest decline on a regional scale. Scots pine trees 
at LT01 showed better condition than Norway spruce and Birch. The highest level 
of mean defoliation of pine trees was observed in 1995 at LT01, whereas at LT03 in 
1997. Afterwards, crown condition showed obvious improvement that lasted until 
2005. Since this year defoliation of the observed trees started to gradually increase 
again. The detected temporal changes in mean defoliation of pine trees were rather 
common throughout most of Europe.
Acidifying species, meteorological parameters and surface ozone were key factors 
that affected the condition and sustainability of Scots pine stands in Lithuania. 
Changes in the mean defoliation of pine trees were mainly related to changes in air 
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concentrations of aerosolic NO3
-, NH4
+ and SO4
2-. Deposition of these compounds 
as well as ozone concentration did not significantly increase the explanation rate of 
pine defoliation variability. The indirect effect of acidifying compounds in soil and 
ground water on pine condition was considerably lower, however, this indirect effect 
increased the explanation rate of pine defoliation variability significantly by 14%, 
from 75% up to 89%. 
Contrary to pine crown defoliation, the indirect effect of N compounds through the 
soil and ground water on birch defoliation was more significant (r2=0.355) than the 
direct effect through the air on leaves (r2=0.258). Therefore, we could conclude that 
needles, which are present on trees all year round, seem to be more efficient aerosol 
collectors than leaves. The death of spruce trees due to Ips typographus L., prevented 
completion of this task. In most cases, the considered contaminants had a negative 
effect on crown condition, while nitrate – its deposition and concentration in soil and 
groundwater – had a positive effect. Contribution of peak O3 concentrations to the 
integrated impact of acidifying species and meteorological parameters on stem radial 
increment was found to be more significant than its contribution to the integrated 
impact of acidifying species and meteorological parameters on defoliation of the 
considered tree species.
Generalizing the obtained results, we can conclude that meteorological parameters, 
which are the result of climate change, could become the key factor affecting forest 
responses to acid deposition. Being less significant in relationships with pine crown 
condition than acidifying species, meteorological parameters resulted in variation of 
their deposition. In case if precipitation amount increased over the dormant period 
and decreased over the vegetation negative effect of the acidifying species could be 
enhanced. Heat and drought over the vegetation period, frequencies of which are 
too difficult to forecast, could cause adverse changes in forest condition and their 
sustainability. 
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Report on national ICP IM activities in Spain
Ariño1, A.; Bermejo2, R.; Ibáñez3, R.; Santamaría2, C. ; Elustondo2, D.; Lasheras2, E. and 
Santamaría2, J.M.
1Department of Zoology and Ecology. University of Navarra
2Department of Chemistry and Soil Science. University of Navarra
3Department of Plant Biology. University of Navarra
Influence of nitrogen deposition on plant 
biodiversity at Natura 2000 sites in Spain 
Worldwide scientific evidence has been accumulated showing that anthropogenic 
emissions of nitrogen compounds to the atmosphere are affecting terrestrial 
ecosystems, thus threatening the world’s biodiversity. In this work (Ariño et al., 
2011) we have used the GBIF database to extract information about the spatial and 
temporal evolution of nitrophilous herbaceous plants (186 taxa), mosses (44 taxa) and 
lichens (78 taxa) in Spain from 1900 to 2008. GBIF (www.gbif.org/) provides access 
to millions of scientific data records supplied by a wide range of institutions and 
organizations from all over the world. The strength of the data shared by the GBIF 
network (species occurrence records and names and classifications of organisms) 
relies on their potential to be represented geospatially, as geographical coordinates 
of the records are usually provided.
The bioindicator index developed (number of records of nitrophilic plants divided 
by the total number of records of plants in the GBIF dataset per year) showed a 
continuous increase of nitrophilous plants for the period 1900-2008 (Figure 1), 
thus suggesting a change in biodiversity composition related to N enrichment in 
ecosystems. This increase seemed to peak in the 1970 and 1980 decades, decreasing 
slightly in the last decade of the 20th century, and increasing again in the first decade 
of the 21st century.
The results suggest that a number of Natura 2000 sites, especially in the northeast 
(Figure 2) could be suffering N-induced shifts in natural vegetation. Under these 
conditions, the Favorable Conservation Status (FCS) of a habitat is considered to 
be endangered, as the natural range of the species seems to be changing for the 
foreseeable future.
Figure 1 Variation of the plant nitrophilic index through 20th and 21st centuries in Spain.
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Nitrogen deposition in ES02 Bertiz
The bulk nitrogen load in the catchment ranged from 4.86 to 9.47 kg ha-1 year-1 during 
the 2007-2010 period, with an average value of 7.34 kg ha-1 year-1. Despite the fact that 
the current values can not be considered as too high, recent evidence has shown that 
the changes in moss diversity recorded during the last century in the catchment could 
be linked to an increase on the N load (Ederra and Villarroya, 2009).
ICP IM: EM: Progress on Biodiversity Assessment
Work for the Edaphic Microarthropod (EM) subprogramme has continued in two 
areas: design and test of the standardisation systems, and actual data collection 
from the site. Building on the previous extensive design and build work, and on the 
results of the first EVE prototype for automated soil fauna extraction, we successfully 
put in operation the EVE-II production system, which increases from 60 to 216 the 
sample extraction capability; allows for three simultaneous extraction batches, each 
with its own independent extraction parameters, and fully automates the variable-
environment sequence. In addition, we are designing an automated classification 
system based on bioinformatics, to be added later to the procedure.
Figure 2 Left: Map of nitrophilous index (NI) for the period 1990-2008. Right: Map of anomaly of 
NI for the same period against the 1900-1989 baseline. Cells with increased NI in shades of gray; 
cells with decreased NI in dot patterns. Cells including one or more SPA marked with a black 
cross (increased NI), white cross (decreased NI), or gray cross (unchanged NI). Half-degree cells.
 
Figure 3 Bulk nitrogen deposition values in ES02 Bertiz for the period 2007-2010; monthly average 
values expressed as the sum of nitrate- and ammonia-nitrogen (left) and, evolution of nitrate- and 
ammonia-nitrogen expressed as monthly values (right). 
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Mobility of heavy metals and distribution coefficients in ES02 Bertiz soils
This work aimed to evaluate the soil-liquid phase interaction through the analysis of 
the soil solution by classical statistical methods and by multivariate analysis to know 
the hypothetical response of acid soil front an increase of metal air pollutants. Whole 
profile samples were extracted from 21 soil sites located within the experimental basin 
at Bertiz and then analyzed for basic soil parameters (Table 1).
Table 1 Chemical properties of all studied horizons in 21 profiles (means and ranges, n=77).
Profile % OM pH % N % Clay CEC 
meq/100g
% SAT φtf
(g cm-3)
Mean 3.8 5.0 0.2 33.1 12.8 12.0 0.9
Min 0.5 4.3 0.04 6.4 4.6 1.6 0.6
Max 14.6 7.8 0.8 49.9 37.8 72.1 1.2
SD 3.1 0.7 0.1 8.6 5.2 15.5 0.1
These soils were poorly developed, with little genetic differences. The soil samples 
were packed in experimental methacrylate columns and treated with a solution 
that contained Mn, Cr, Cu, Pb, Zn, Ni, As, and Cd, in a concentration four times 
higher than the average deposition values typically expected for a remote location 
in the region. The dose system used mimicked rainfall conditions (precipitation 
values and average pH).
The results (Table 2) showed that the heavy metal retention capability of these 
soils is low for most of the studied metals; marginal differences in the response were 
found between soils on acid or basic parent material. A significant increase in the 
deposition of these elements would have a direct impact on the chemical composition 
of groundwater in the catchment.
Table 2 Mean distribution coefficients (Kd) calculated for the total experimental irrigation 
treatment. The soil-water distribution coefficient (Kd) is expressed as the ratio of sorbed to 
dissolved contaminant under equilibrium conditions (Carlon et al. 2004). High values of Kd, 
indicate that the metal has been retained by the solid though sorption reactions, while low values 
of Kd indicate the most of the metal remains in solution where is available for transport and 
biological or geochemical reactions (Anderson & Christensen 1988).
Element Cr Mn Ni Cu Zn As Cd Pb
Kd 2.8 - 13.6 - 3.28 13.3 - 11.9 8.1 - 5.5 4.2
Variation of plant diversity in ES02 Bertiz (Gazol and Ibáñez 2010)
The spatial patterns of vascular plant diversity were studied in the ES02 Bertiz 
catchment. Diversity in 102 plots of 400 m2 was analysed against environmental and 
spatial variables. The Principal Coordinates of Neighbor Matrices method was used 
to create spatial variables that represent spatial structures on multiple scales. Variation 
partitioning on multiple regression was used to discover pure environmental and 
spatial fractions and their joint effects on diversity. Additionally, we created maps of 
the response and some explanatory variables to interpret their patterns. The results 
show that diversity is heterogeneously distributed in the basin and is explained mainly 
by environmental factors. Leaf litter cover proved the most important environmental 
factor. The spatial variables play an important role in structuring the environment but 
the low amount of variance explained by these when the effect of the environment is 
removed points to the lesser importance of neighborhood relations to the distribution 
of diversity values.
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Chemical characterization of PM10 in the 
Natural Park of Señorío de Bertiz
24-h samples of PM10 were collected at Bertiz Natural Park onto quartz fibre filters 
every three days from January 2009 to December 2009 using a high-volume sampler 
(Digitel DAH-80). After weighting the filters, they were analyzed for inorganic and 
organic compounds. The Positive Matrix Factorization model (PMF) was used to 
identify PM10 sources and estimate source contributions. 
The annual mean PM10 levels at Bertiz reached 15 µg m
-3, concentration clearly 
below the limit value established by the European Directive 2008/50/EC (40 µg m-3). 
The limit for daily PM10 levels (50 µg m
-3) was exceed only once, far away from the 
maximum number of exceedances (35) indicated by the European Directive 2008/50/
EC. 
The major components of PM10 (Figure 4) were organic matter and elemental carbon 
(OC+EC), and secondary inorganic compounds. The contributions of those elements 
to total mass of PM were similar to those reported for Southern European countries. 
Concerning the trace elements, the highest concentrations were shown by P, Ti, Cr, 
Mn, Ni, Cu, Zn, Sr, Sn, Ba and Pb, although the contribution of total trace elements 
to total mass of PM was quite low (1%).
The application of the PMF model allowed identifying four sources of PM10: 
secondary sulphate, secondary nitrate, crustal (determined by characteristic soil 
elements like Al, Ca, Ti and Mg) and sea salt.
PAH concentrations were also very low, being benzo(b)fluoranthene the most 
abundant organic compound. Based on the diagnostic ratios of PAH and PCA 
analysis, traffic emissions were the major contributors to the total concentration of 
PAHs, although wood and biomass combustion was also identified as a common 
source of PAHs in this area.
Micropatterns of soil moisture determines the availability of microsites for a forest 
riparian species (Carex remota)
Riparian zones provide space for high biological diversity compared with adjacent 
upland forest because of their high and constant soil moisture values. However, 
headwater streams in mountainous areas are more variable in water flow, making 
them very sensitive to dry periods, so the definition of a riparian buffer is necessary 
to conserve and manage those habitats properly.
Within the ES02 Bertiz catchment three surveys in different months were 
conducted. Soil moisture was measured in 385 sampling points across 35 transects 
perpendicular to first-order streams. Each sampling point was also described by the 
distance from and the height above the stream banks and by the presence of Carex 
remota, a characteristic riparian species. Relationships between soil moisture and 
both the distance from and the height over the stream banks were modelled using 
nonlinear regression techniques.
Figure 4 Chemical composition of PM10.
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Soil moisture showed a sigmoid trend and allowed us to define the limits of a 
wet riparian zone at 1.25 m of distance from and 0.55 m in elevation above stream 
banks. Compared with other studies, our riparian zone is narrower because of the 
steep slopes (25%) of the mountainous area studied. We also provide evidence that 
elevation above stream banks is more influential than distance in defining the limits 
of the riparian zone. Moreover, while in the riparian zone values of soil moisture are 
high and constant even at the end of a dry period due to the continuous water flow, 
in the adjacent upland forest soil moisture varies according to rainfall. These high and 
constant soil moisture values allow the establishment and development of a riparian 
plant species (Carex remota) associated to those streams.
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Introduction
Swedish integrated monitoring programme is run on four sites distributed from south 
central Sweden (SE14 Aneboda) over the middle part (SE15 Kindla), to a northerly 
site (SE16 Gammtratten) representing north Sweden. The long-term monitoring site 
SE04 Gårdsjön F1 is complementary on the inland of the West Coast and has been 
suffering from long-term high deposition loads. The Swedish group now compiled 
results from the four Swedish IM sites for the year 2009. The sites are well-defined 
catchments with mainly coniferous forest stands dominated by bilberry spruce forests 
on glacial till deposited above the highest coastline, meaning no water sorting of the 
soil material. Both climate and deposition gradients coincide with site distribution 
from south towards north (Table 1). Forest stands are mainly over 100 years and at 
least three of them have several hundred years of natural continuity but were up to c. 
50 years ago partly lightly grazed woodlands. In early 2005, a heavy storm struck the 
Swedish IM site Aneboda SE14. However, in comparison to the surrounding forests 
this site managed rather well and a rough estimate considered 20-30% of the area 
affected. Results from the 2006 inventory show increased number of logs. In 1996, 
there were a total of 317 logs in all plots together. In the inventory of 2001, this number 
had decreased to 257. In 2006, after the storm, the number of logs increased to 433 and 
with a calculation for the whole IM site SE14, this means an increase with 2711 logs.
In the following, some special conditions and ongoing work for the four Swedish 
IM sites from 2009 to 2011 are presented. A special issue of the Journal Ambio is in 
preparation and partly results relate to those findings.
Table 1 Geographic location and long-term climate at the Swedish IM sites.
SE04 SE14 SE15 SE16
Latitude; Longitude N 58° 03 ;´ 
E 12° 01´
N 57° 05 ;´ 
E 14° 32´
N 59° 45 ;´ 
E 14° 54´
N 63°51 ;´ 
E 18°06´
Altitude, m 114-140 210-240 312-415 410-545
Area, ha 3.7 19.6 19.1 45
Mean annual temperature, °C + 6.7 + 5.8 + 4.2 + 1.2
Mean annual precipitation, mm 1000 750 900 750
Mean annual evapotransporation, mm 480 470 450 370
Mean annual runoff, mm 520 280 450 380
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Climate and Hydrology
Temperature climate for the year 2009 showed similar pattern as the previous years 
2003 - 2008. Temperatures have during several years been higher compared to long-
term averages with values between + 0.5 °C and 2.1 °C. The higher values were mainly 
found for the two more northerly sites while lower exceedances were found in the 
south. Temperature patterns over the year showed colder spring but warmer winter. 
In 2009, however, temperatures were actually lower than long-term averages for the 
first time in several years.
Precipitation amounts in 2008 and 2009 were mainly higher compared to long-term 
averages but with a variation between seasons. In Aneboda in 2009 lower annual 
precipitation occurred. At SE04 the exceedance in 2009 was 139 mm, i.e. c. 14% over 
the long-term mean.
The characteristic annual hydrological patterns of the catchments are high 
groundwater levels during winter and lower levels in summer and early autumn. 
This pattern should also be reflected in runoff. However, warm periods in winter 
have increased snowmelt and runoff in winter causing lower spring discharges in the 
snowmelt period. For 2009, this pattern was somewhat changed with rather ordinary 
discharges over the year. However, low discharge in winter was observed at all sites. 
Autumn peaks occurred at Kindla and Gårdsjön and high July discharges were found 
for July in Kindla and Gammtratten (Figure 1). 
Runoff in 2009 made up 39 - 67% of annual precipitation and could be compared 
with an average for previous three years on c. 40 - 60%. This means mainly higher 
runoff proportions in 2009. High rates occur especially in the colder northern site 
Gammtratten (67%) while the two southern sites showed similar values of 39 - 42%. 
In general, the runoff could be considered normal at the two northern sites, but low 
for the southern sites (Table 2). 
Table 2 Compilation of the 2009 water balances for the four Swedish IM sites. 
P – Precipitation, TF – Throughfall, I – Interception, R – Water runoff.
Gårdsjön SE04 Aneboda SE14 Kindla SE15 Gammtratten SE16
mm % of P mm % of P mm % of P mm % of P
Bulk precipitation, P 1090 100 735 100 804 100 630 100
Throuhfall, TF 712 65 565 77 533 66 521 88
Interception, P-TF 378 35 170 23 271 34 109 17
Runoff, R 461 42 288 39 460 57 421 67
P-R 629 58 448 61 344 43 209 33
Figure 1 Discharge patterns at the Swedish IM sites in 2009 compared to monthly averages for the period 1996 - 2009.
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Water chemistry
Low ion content characterises the deposition and throughfall for the three inland sites 
(c. 1-2 mS m-1) while sea salt provides higher ion content in the west coast SE04 site 
(TF 6 mS m-1). Water pathways through the soils of the catchments are fairly short 
and most of the surface water formation depends on short connections between 
infiltration and surface water formation. Acidity in deposition was c. 4.8 at all sites 
but Gammtratten (5.0). pH was slightly higher (0 - 0.4 units) in throughfall compared 
to bulk deposition (Table 3).
Table 3 Deposition chemistry 2008 for the four Swedish IM sites. 
S and N in kg ha-1 yr-1.
SE04 SE14 SE15 SE16
pH, bulk deposition 4.8 4.8 4.8 5.0
pH, throughfall 4.9 5.2 5.1 5.0
SO4-S, bulk 5.9 3.5 2.6 1.1
N-tot, bulk 11.2 7.9 6.8 2.2
Chemical reactions during water flow through the catchments buffered the acid water 
fairly little and pH values in the stream water were below 4.6 in the three southern 
sites while in the northern site SE16 pH in stream water was c. 5.8 and ANC c. 0.1 
meq l-1. At SE14, the pH did not change very much from deposition to stream water 
but ANC increased as a consequence of increased DOC (26 mg l-1) and reached about 
0.08 meq l-1. Organic anions contribute to positive ANC. In stream water from SE15, 
ANC was negative (c. - 0.004 meq l-1) partly due to low DOC.
In relation to the decrease in sulphur deposition (c. 5 kg ha-1 yr-1 during the period 
from 1996 to 2009), the increase in pH has been rather small c. 0.4 pH-units. This 
pattern is reflected in the soil water where the three sites in middle and south Sweden 
show small improvements but the northernmost site Gammtratten shows decreased 
pH (Figure 2). 
In the groundwater, the changes in pH, during recovery from acidification, are 
not as evident as for soil water in the unsaturated zone. On the contrary, several 
locations in the IM sites Aneboda and Kindla show lower pH at the end of the period 
(2009) compared to the beginning (Figure 2). During the same period, sulphur has 
increased probably due to mineralization of stored sulphur in the organic material. 
The differences between soil water and groundwater are significant (p>0.5).
Figure 2 Changes in pH (average annual change) in soil water (left) and groundwater (right) in the 
IM sites during the period 1996-2009.
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Recovery from acidification has resulted in higher pH in stream water at sites 
Aneboda and Kindla. In sites Gårdsjön and Gammtratten there is no significant pH 
increase (Figure 3). At Gårdsjön this could depend on a still rather high S deposition 
while the comparably high pH in Gammtratten provides alkalinity mitigating pH 
decreases. 
Anion deposition varied between the sites with Cl being the dominant ion in 
Gårdsjön and Aneboda while SO4 dominated or was high in Kindla and Gammtratten. 
In the latter site organic anions and HCO3 were also high. Sulphate was released 
from the soil and provided higher values in stream water compared to deposition at 
all sites. Organic anions dominated stream water in SE16 while it only reached up 
to 25% of the anion content at the other sites. Content of DOC was high at SE14 26 
mg l-1 while it in the other three sites reached values between 8 mg l-1 and 12 mg l-1. 
Also organic bound nitrogen dominated the total nitrogen in stream water, inorganic 
fractions in 2008 made up 30% in Gårdsjön and 16% in Aneboda while the two more 
northerly sites only included 3% and 6% inorganic-N.
Sulphur deposition to the Swedish forests has decreased as a result of decreased 
emissions in Europe. On the other hand, no decrease is seen for nitrogen. The still high 
nitrogen deposition in southern Sweden could have implications on the environment. 
Deposition of nitrogen is dominated by inorganic compounds but also organic 
nitrogen was found in deposition (Figure 4). In the long term, climate change could 
have interactive implications.
Figure 3 Stream water pH 
in the four Swedish IM sites 
during the period 1996 to 
2009.
 
 
 
 Figure 4 Nitrogen in bulk deposition (kg ha-1 yr-1) at the four Swedish IM sites during the period 
1996 – 2009 (no organic N-deposition determined at Aneboda and Kindla during 1996-1998).
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Biological indicators show changes in air pollution deposition
Biological indicators are included in the vegetation programme. Forest trees, ground 
vegetation and epiphytic algae are parts of the monitoring. Decreasing deposition 
of sulphur and possibly nitrogen has been followed by lower coverage of algae on 
spruce needles. In the middle of 1990s about 25-40% of the needles were covered by 
algae. In the last years (2008-2009) many needles were without algae coverage and the 
average cover is now c. 5-10%. Sulphur infl uences the protecting wax cuticle getting 
stronger resistance with lower input of S. In contrast, nitrogen would improve algae 
conditions but the lower algae prevalence would indicate lower N deposition, which 
is not apparent from deposition monitoring. Possibly algae mainly indicates changes 
in S deposition.
Catchment monitoring provides budget balances
Integrated monitoring with a catchment approach reveals balances in input/output 
budgets. Air pollution has during a long time showed accumulation of sulphur and 
nitrogen as well as a number of metals. As a result of decreased deposition there 
is now net leaching of sulphur while heavy metals and nitrogen still accumulate. 
Sulphur leaching exceeds deposition with 0.8 – 4.6 kg ha-1 yr-1 with the lowest value for 
Gammtratten in the North and the highest in the southern Aneboda site. For nitrogen, 
the differences between deposition and leaching are between 2 kg N ha-1 yr-1 and 11 
kg N ha-1 yr-1. The highest load and accumulation is found at the SW site Gårdsjön 
where high deposition has prevailed for a long time. Lower deposition c. 7 kg N ha-1 
yr-1 was observed at the southern site Aneboda. Both these sites had leaching values 
of about 2 kg N ha-1 yr-1. The two sites on more northerly locations showed leaching 
values of 0.9 kg N ha-1 yr-1 but deposition differed by 3 kg N ha-1 yr-1 between these 
sites, resulting in the lowest storage at the northern site Gammtratten with 2.2 kg N 
ha-1 yr-1 (Figure 5).
High availability of nitrogen would contribute to high forest increment that would 
be combined with uptake and biomass storage of other necessary nutrients. One of 
these nutrients is phosphorus which is often on low concentrations in both deposition 
and runoff. However, as an essential nutrient it has a large internal circulation, 
meaning forest uptake and litterfall. Disturbances in the forest system might infl uence 
growing conditions. The deposition input fairly well equals output by leaching but 
actually with a small loss of phosphorus from the ecosystems. Site Gårdsjön in SW 
Sweden shows higher input than output while the southern site Aneboda shows 
the reverse with double output compared to input. The other two sites are close to 
balance (Figure 5).
Figure 5 Input/output budgets for SO4, N and P at the four Swedish IM sites 2004-2008. Observe 
the different x-axis scales.
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Conclusions
The Swedish integrated monitoring of the forest environment has achieved valuable 
long-term time series providing important information on properties and functions in 
the Swedish forests. The compilation of a special issue of the Journal Ambio will, by 
the end of 2011, provide further information. Results from the last years monitoring 
contribute to the picture of decreased air pollution related to sulphur, reflected also 
in the soil water and runoff. Nitrogen remains on elevated deposition level and 
accumulates in the catchments as well as several metals. This will probably have 
implications on the future ecosystem functions. Interactions from changed climate 
and land-use consequences furnish additional impacts.
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